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RULES  AND  REGULATIONS 


Title  15— COMMERCE  AND 
FOREIGN  TRADE 

Chapter  11— Nationol  Bureau  of  Stand¬ 
ards,  Departmunt  of  Commerce 
SUBCHAPTER  A— TEST  FEE  SCHEDUIES 

PART  201— ELECTRICITY 

Under  the  provisions  of  15  UJS.C. 
sections  275(e)  and  277,  the  test  fee 
schedules  of  the  National  Bureau  of 
Standards,  Depcuiment  of  Ocmmerce. 
pertaining  to  electrlctty  are  revised  as 
provided  herein. 

ITils  revision  supersedes  Title  15, 
Chapter  n.  Subchapter  A,  Part  201, 
which  appeared  in  29  PH.  7816,  9841, 
15810.  and  16819.  It  includes  several  in¬ 
creases  of  range  and  adds  two  new  serv¬ 
ices;  one  for  frequency  stability  cali¬ 
bration  of  signal  sources,  and  one  for 
continuous  wave  low  level  power  meas- 
iirement  of  coaxial  bolometer  units  and 
bolometer-coupler  units.  The  fees  have 
generally  been  revised  upward  to  assure 
fiill  recovery  of  the  cost  of  providing 
calibration  services.  The  major  new 
cost  factor  included  is  the  impact  of 
Federal  pay  legislation  which  took  effect 
in  July  1964. 

PART  201— ELECTRiaTY 

Note:  The  calibration  service  covered  by 
this  part  includes  the  determinations  of  tbe 
corrections  for  standard  electrical  and  elec¬ 
tronic  measuring  apparatus  and  tbelr  range¬ 
extending  auxiliaries  used  at  power  and 
audio  frequencies  (up  to  30  kHz  (kc/s) ,  high 
frequencies  30  kHz  (kc/s)  to  1000  MHz 
(Mc/s)  and  higher),  and  microwave  fre¬ 
quencies  (above  1000  MHz  (Mc/s). 

The  Bureau  does  not  test,  except  occasion¬ 
ally  for  other  agencies  of  tbe  Federal  Govern¬ 
ment,  electrical  devices  or  supplies  not  di¬ 
rectly  related  to  the  field  of  measurement. 
Tests  of  power  transformers,  motors,  gener¬ 
ators,  relays,  wiring,  appliances,  etc.,  should 
not  be  requested. 

Resistance  Measueements 

PBECISIOM  WBE-WOUND  BXSISTANCE  STANSABIM 
AND  APPAXATUS 

Sec. 

201.100  General. 

201.101  Precision  standard  resistors. 

201.102  Precision  resistance  apparatus. 

RESISTANCE  STANDARDS  OTHER  THAN 
WIRE-WOUND 

201.103  Multi-megohm  resistors. 

Inductance  and  Capacitance  Measurements 

201.104  Standard  inductors. 

201.105  Standard  capacitors;  tests  with  al¬ 

ternating  current. 

Electrochemistry 
201.201  Standard  cells. 

Electrical  Instruments 
201.300  General. 

201301  Standard  resistors  for  current  meas¬ 
urements. 

201.302  Volt  boxes  (fixed-ratio  voltage  di¬ 

viders). 

201.303  Ac-dc  instruments  and  thermal 

converters. 

201.304  Ac-dc  wattmeters,  single  phase. 

201.305  Wattbour  meters. 

201.306  Current  transformers. 

201307  Current  transformer  comparators 
(testing  sets). 


Magnetic  Measurements 

See. 

201.400  General. 

201.401  General  magnetic  measurements; 

normal  Induction  and  hyotaasls. 

201.402  Magnetle  saaterials;  altemattng- 

currenk  peimeablltty  and  core  lo^ 

201.403  Magnetic  testing  apparatus;  mvtual 

induetora,  search  coUa,  and  ftux- 
metets. 

Dielectric  Measurements 
201.500  Dielectric  constant,  dissipation 
factor. 

VoCiTAOE  Ratio  and  Hiom-Vouiage 
Meabdrementb 
201301  Voltage  dividers. 

2Olv0O2  Voltage  transformers. 

201.603  Voltage  tranformer  comparators. 

201.604  Kllovoltmeters. 

Low-FEequemct  Regiok 
201.701  nequency  stability  calibration  of 
signal  sources,  up  to  30  kHz 
(kc/s). 

HBH-nBQUEMCT  REClOlf 
201300  General. 

201.810  Rf,  rf-dc  voltmeters  and  thermal 

converters  in  the  frequency  range 
of  80  kHz  (kc/s)  to  1000  MHz 
(Mc/s);  from  03  to  300  V. 

201.811  Rf  micropotentiometers,  voltmeters, 

and  signal  sources  from  30  kHv. 
(kc/s)  to  1000  MHz  (Mc/s),  from 
IsVtoO.l  V. 

201320  Rf  calorimeters,  80  kHz  (kc/s)  to 
600  MHz  (Mc/s) . 

201.821  Continuous  wave  low-level  power 
measurements  of  coaxial  bolom¬ 
eter  units  and  bolometer-coupler 
units. 

201.830  Immlttance,  30  kHz  (kc/s)  to  4 
GHz  (Gc/s). 

201 340  Dissipative  fixed  coaxial  attenuators. 

201.841  Dissipative  variable  coaxial  attenu¬ 

ators. 

201.842  Waveguide  below-cutoff  (piston) 

attenuators. 

201343  Coaxial  fixed  directional  couplers. 
201.844  Coaxial  variable  directional  couplers. 
201.850  Field  strength  measuranents,  30  Hz 
(c/8)  to  1000  MHz  (Mc/s). 

201360  R’equency  stability  calibration  of 
signal  sources,  f)rom  30  kHz 
(kc/s)  to  500  MHz  (Mc/s). 

Microwave  Region 
201300  General. 

201310  Continuous  low-level  power  meas¬ 
urement  of  waveguide  bolometer 
units  and  bolometer-coupler 
units. 

201.911  Continuous  low-level  power  meas¬ 
urement  of  waveguide  dry  cal¬ 
orimeters. 

201.920  Refiectlon  coefficient  magnitude 
measmement  on  waveguide  re- 
fiectors  (mlsmatchee). 

201.930  Frequency  measurement  on  cavity 
wavemeters. 

201.940  Attenuation  difference  measure¬ 
ments  on  variable  attenuatosa. 
201341  Insertion  loss  measurements  on 
fixed  attenuators. 

201.950  Effective  noise  temperature  meas¬ 
urements  on  noise  sources. 

Authwitt:  The  provisloos  of  this  Part 
201  issued  under  sec.  9,  81  Stat.  1450,  as 
amended;  16  U.S.C.  277;  inteiprets  or  applies 
sec.  7,  70  Stat.  969;  16  U.S.C.  276a. 

Resistance  Measxtsxkxnts 

nrvoLviMG  PRECISION  wntx-womiD 

RESISTORS 

§  201.100  General. 

In  general,  §5  201.101  and  201.102  apply 
only  to  apparatus  embodying  the  fol¬ 
lowing  features: 


(a)  The  resistance  material  should 
have  a  low  temperature  coefficient,  should 
not  change  Its  resistance  iqHireclably 
with  time,  and  for  low-valued  coils 
should  have  a  small  thermoelectric  power 
against  copper. 

(b)  All  wire  standard  resistors  and  the 
more  Important  section  of  resistance  ap¬ 
paratus  for  use  in  d-c  circuits  should  be 
wound  on  metal  or  ceramic  supports, 
preferably  in  a  single  layer.  Electrical 
connections  to  the  resistance  material 
should  be  brazed  in  all  cases  in  which  the 
total  resistance  is  less  than  1,000  ohms. 
The  resistance  material  should  be  pro¬ 
tected  against  oxidation  and  other  chem¬ 
ical  action  and  should  be  annealed  or 
aged  by  baking  after  winding. 

(c)  Precision  standard  resistors  should 
be  so  adjusted  as  to  give  an  accuracy  of 
at  least  0.02  percent  without  corrections. 
Precision  resistance  apparatus  should  be 
adjusted  within  0.05  percent  of  nominal 
value. 

(d)  Because  comparatively  rapid 
changes  in  resistance  take  place  in  new 
apparatus,  it  is  not  advisable  to  calibrate 
new  or  repaired  apparatus  until  at  least 
two  months  after  the  resistors  have  been 
annealed  and  adjusted.  Precision  appa¬ 
ratus  known  to  be  a  prototype  will  be 
held  in  the  laboratory  (in  the  absence 
of  other  instructions)  for  at  least  a 
month,  when  the  measurements  will  be 
repeat^  to  determine  the  drift  in  value, 
if  any.  No  extra  charge  is  made  for  these 
later  measurements.  Occasionally  dur¬ 
ing  the  course  of  calibration  it  is  dis¬ 
covered  that  the  standard  or  instrument 
imder  observation  is  defective  and  in 
need  of  repair.  In  such  instances  the 
item  in  question  will  be  rejected  and  a 
fee  equal  to  the  published  fee,  in  whole 
or  in  i>art,  will  be  assessed,  commensu¬ 
rate  with  the  effort  expended  before  cali¬ 
bration  was  halted. 

(e)  Unless  otherwise  stated,  the  tests 
listed  are  generally  made  using  a  direct 
current  of  siKh  magnitude  as  to  cause 
only  a  negligible  heating  of  the  re¬ 
sistance  material.  Calibrations  of  stand¬ 
ard  resistors,  bridges,  and  decade  re¬ 
sistors  consist  of  determinatiems  of  the 
resistance  of  the  standards  or  of  the  re¬ 
sistance  the  elements  of  the  bridges 
or  similar  apparatus  from  which  values 
correegxxidlng  to  all  possible  readings 
can  be  computed.  Precision  standard 
resistors  are  ordinarily  measured  at  a 
temperature  of  25*  C..  while  resistance 
apparatus  is  measured  at  room  tempera¬ 
tures,  usually  from  22  to  25*  C. 

(f)  The  Bureau  does  not  calibrate 
pmlable  self-contained  test  equipment 
having  relatively  low  accuracy  such  as 
portaUe  potentiometers,  resistance  test 
sets,  and  double-bridge  ohmmeters.  The 
accuracy  of  these  devices  is  such  that  a 
complete  detailed  determination  of  cor¬ 
rections  is  not  economically  feasible. 
Apparatus  of  this  type  may  be  spot- 
checked  by  measuring  known  voltages  or 
resistances  with  th«n.  Adequate  cali¬ 
bration  services  of  this  ^rpe  can  be  ob¬ 
tained  from  a  number  of  ccunmercial 
testing  laboratories. 

§  201.101  Precision  standard  resistors. 

Standards  of  10  ohms  and  less  of  the 
precision  type  provided  with  amalga¬ 
mated  current  terminals  and  designed  for 
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oil  immersion  must  be  of  the  four-terml- 
nal  type,  that  is,  must  have  both  current 
and  potential  terminals.  The  resistance 
of  standards  having  nominal  values  in 
range  0.0001  ohm  to  100,000  ohms  will 
usually  be  gdven  to  the  nearest  0.0001 
percent  in  terms  of  the  calibrating  unit 
(the  legal  unit)  maintained  by  the  Bu¬ 
reau  with  a  group  of  1-ohm  standard 
resistmv.  Each  report  of  calibration  will 
state  the  uncertainty  the  reported 
value  at  the  time  of  calibration.  This 
uncertainty  will  vary  frwn  0.0001  percent 
for  Thomas-type  1-ohm  standards  to 
0.002  percent  for  resistors  of  nominal 
value  0.0001  ohm.  Additional  informa¬ 
tion  regarding  standard  resistors  (is  in¬ 
cluded  with)  the  report  of  calibration. 


Fee 


$40.00 

60.00 

70.00 


A6.00 

70.00 


160.00 

176.00 


Ml.lOla-l 

»1.10la-2 


201.101a-3 


2«1.10II>-1 

201.1Ulb-2 


Wl.lOic-l 

Nl.lOlc-2 

Ul.lOU 


Determination  ol  resistance  In  oU 
bath  at  16°  C.  For  all  stand¬ 
ards  having  reaistanoee  In  the 
range  O.OOOl  to  100,000  ohms, 
incmsive,  provided  thay  are  ad- 
Jnsted  witn  0.06  percent  of  a 
nominal  value  which  is  itself  a 
decimal  multiple  (or  submol- 
Uple)  of  1  ohm: 

Two-terminal  measurements . 

Four-terminal  measurements  0.01 
ohm  to  10  ohms  (except 

Thomas  type) . . - . 

Four-terminid  measurements, 
Thomas-type  1  ohm  and  stand¬ 
ards  0.001  onm  and  leas. . . 

Determination  of  resistance  in 
oil  bath  at  26*  C.  For  odd¬ 
valued  standards  not  falling 
within  the  scope  of  Item 
201.101a; 

Two-terminal  measurements _ 

Four-terminal  measurements _ 

Measurement  of  resistance  In  oil 
bath  at  20, 26,  and  S0°  O..  and 
determination  of  temperature 
ooefflclent.  Such  measure¬ 
ments  are  made  only  when  It  Is 
shown  ttmt  the  smiul  changes 
In  resistanoe  resulting  from 
necessary  variations  of  the  tem¬ 
perature  from  26°  O.  are  of 
Importance: 

Two-termlnsl  measurements . . 

Four-tarmlnal  measurements _ 

For  special  tests  not  covered  by 
the  above  schedule,  advance  ar¬ 
rangements  must  be  made. 

Feee  wUl  be  charged  dependent 
on  the  Ume  Involved  in  making 
the  tests. 


§201.102  Prerision  resistance  appara¬ 
tus. 

Corrections  pertinent  to  apparatus  of 
suitable  quall^  submitted  under  this 
section  will  ordinarily  be  reported  to  a 
number  of  significant  figures  so  chosen 
that  normstl  variation  of  ambient  condi¬ 
tions  within  the  stated  bounds  of  test 
conditions  will  not  affect  the  corrections 
by  more  than  a  few  units  in  the  last  plsMie 
reported.  Calibrations  will  be  made  at 
room  temperature,  usually  22  to  25*  C. 


It«m 

DetoripUoa 

Fee 

201.102s 

Fredsioii  deemde  and  plug  boxes. 

F(v  decades  not  0X(X)e(Ung 
10,000  ohms  per  step; 

(1)  First  point  In  eacn  box _ 

(2)  Each  additional  point  in 

$30.00 

201.102b 

same  resistance  box . 

6.00 

Megohm  box,  10  sections  each 

201.102c 

100,000  ohms  . . 

106.00 

Megohm  boxes,  wire-wound,  10 
equal  sections.  CalilMwtkins 
with  all  sections  in  parallel  giv¬ 
ing  nominal  value  0.01  to  10 

201.102(1-1 

nwffohins. 

70.00 

lYedirion  Wheatstone  twidges _ 

630.00 

201.102(1-2 

Calorimetric  bridges  of  all  kinds... 

706.00 

201.1026 

Potentiometers,  minimum  steps 

201.1021 

10  aV  or  more  _ 

aoaoo 

Potenttometere,  minimum  steps 

loss  than  10  /iV _ 

666.00 

Item 

Deaorlption 

Fee 

2a.l03g 

201.10^ 

Kelvin  bridge  ratio  box _ 

$316.00 

Double  ratio  set  (or  Kelvin  bridge, 
with  doable  set  of  fixed  and 

variable  arms . . 

68a  00 

201.1021-1 

Four-dial  Dfecislcm  reststlve  TOlt- 
age  divWef . — 

860.00 

201.1(01-3 

Five-dial  preolsitm  resistive  volt- 

age  divider . .  „ 

436.00 

201.10:h-3 

Six-dial  precision  resistive  voltage 

divider  or  universal  ratio  set.... 

476.00 

201.102] 

Quick  resistance  ratio  test  on  any 
precision  voltage  divider.  Lin¬ 
earity  check  in  steps  of  one- 
nlntn  of  Input  resistanoe _ 

110.00 

201.102k 

Direct  reading  ratio  set,  8  dials _ 

110.00 

201.1021 

Direct  reading  ratio  set,  4  dials _ 

286.00 

201.102m 

Doable  direct  reading  ratio  set.... 

620.00 

201.102X 

For  special  tests  not  covered  by 
tbe  above  schedule,  advance 
arrangements  must  be  made. 
Fees  will  be  charged  dependent 
on  the  time  involved  in  making 
tbe  tests. 

RESISTANCX  STANDARDS  OTHER  THAN 
WIRE-WOUND 

§  201.103  Multi-megohm  resistance 
standards— except  wire-wound. 

Measurements  made  (Hi  resistors  sub¬ 
mitted  under  this  section  are  accurate  to 
0.1  percent  at  the  time  of  test  if  nominal 
values  are  in  the  range  10*  to  10'^  ohms; 
for  higher-valued  resistors  the  accuracy 
is  0.5  percent.  In  order  that  the  reported 
results  be  of  significance  it  is  necessary 
that  standards  submitted  for  tests  be 
made  of  suitable  materials  processed  in 
such  a  manner  that  resistance  values  do 
not  change  rapidly  with  time.  They 
should  be  so  constructed  and  treated  that 
the  effect  of  relative  humidity  is  min¬ 
imized.  The  resistance  of  these  stand¬ 
ards  usually  depends  on  the  magnitude 
of  the  applied  voltage;  the  test  voltage 
should  therefore  be  specified.  Each  re¬ 
sistor  should  have  an  identifying  number 
engraved  on  or  permanently  attached  to 
it. 


Item 


Descriptioa 


201.103a 


201.103b 


201.103c 


201.1081 


Determination  of  resistance  of  a 
resistor  at  one  voltage  (1.6  to 
260  V)  at  room  tenmeratura 
(23°  (J.)  and  biunlcUty  (60  per¬ 
cent  rb  or  leas)  when  the  resis¬ 
tor  has  a  nominal  value  between 

10*  and  10>*  ohms _ 

Determination  of  resistanoe  of  a 
resistor  at  one  voltage  (1.6  to 
260  V)  at  standard  laboratory 
temperature  (23°  C.)  and  bn- 
midlty  (60  percent  rn  or  less) 
when  the  resistanoe  is  higher 
than  10>'  ohms  but  the  current 
Involved  Is  not  less  than  10-n 

amp . . . 

Determination  of  resistance  of  a 
resistor  at  each  voltage  (1.6  to 
260  V)  at  standard  laboratory 
temperature  (23°  CJ  and  hu¬ 
midity  (60  percent  th  or  less) 
when  the  current  involved  is 
leas  than  10->*  amp  but  not  less 

than  10-»amp . . . 

For  special  tests  not  covered  by 
the  above  schedule,  advance  ar¬ 
rangements  must  be  made. 

Fees  will  be  charged  dependent 
on  the  time  involved  In  making 
the  tests. 


Fee 


$46.00 


66.00 


70.00 


Inductance  and  Capacttance 
Measurements 

Note:  Teats  at  radio  frequencies  are  per¬ 
formed  at  the  NBS  Boulder  LaboratcH-ies, 
Boulder,  Colo.,  80301. 

§  201.104  Standard  indurtors. 

(a)  Inductors  for  use  in  a-c  bridges 
are  ordinarily  tested  at  100,  400, 1,000,  or 


10,000  Hz  (c/8)  at  a  room  temperature 
of  23*  C.  and  a  relative  humidity  of  50 
piercent  or  less.  Measurements  at 
10,000  Hz  (c/8)  aze  limited  to  standard 
inductors  of  0.1  henry  or  less.  Most  in¬ 
ductors  used  at  60  Hz  (c/s)  can  be  tested 
at  100  Hz  (c/s)  since  the  variation  of  in¬ 
ductance  with  frequency  in  this  range  is 
usually  negligible.  Purchase  orders 
should  state  which  frequency  or  frequen¬ 
cies  are  to  be  used  for  calibration  pur- 
ixises.  A  metal-encased  standard  is  cal¬ 
ibrated  with  the  case  connected  to  the 
“low”  tennlnal  of  the  inductor  unless 
other  conditions  are  specified.  Variable 
inductors  used  at  circuit  elements  in  lab¬ 
oratory  setups  are  low-accuracy  devices 
whlcdi  do  not  come  within  the  purview 
of  this  schedule  and  should  not  be  sub¬ 
mitted  for  calibration.  Q  values  are  not 
supplied  f(H:  inductors  calibrated  xmder 
this  schedule.  Inductors  intended  for 
use  as  Q  standards  at  radio  frequency 
should  be  referred  to  the  Boulder  Lab¬ 
oratories.  Mutual  Inductors  used  in 
magnetic  testing  for  calibrating  ballistic 
galvancHneters  should  be  calibrated  with 
direct  current  imder  item  201.403a. 

(b)  Accuracy:  Inductance  values  and 
a(»mracy  statements  given  in  reports  of 
calibration  depend  upon  two  factors:  (1) 
The  accuracy  ot  the  comparison  of  the 
client’s  inductor  with  the  NBS  woiiting 
standards  of  inductance;  (2)  the  uncer¬ 
tainty  in  the  derivation  of  the  unit  of 
inductance  which  is  embodied  in  the  NBS 
working  standards.  In  general,  induc¬ 
tance  values  will  be  given  to  as  many 
significant  figures  as  are  Justified  at  the 
time  of  measurement.  The  imcertainty 
figure  given  in  each  report  of  calibration 
takes  into  account  factors  (1)  and  (2) 
stated  above  and  will  vary  from  0.02  per¬ 
cent  to  0.2  percent  depending  upon  the 
nominal  value  of  the  inductor  and  the 
frequency  of  the  test  current  employed. 

(c)  Inductors  can  usually  be  ^ppied 
safely  by  express  but  should  be  carefully 
packed  to  avoid  damage  to  the  coil  fast¬ 
enings  and  terminals. 


Item 

Description 

Fee 

201.104a 

Determination  of  self  or  mutual 
Inductance  of  a  fixed  inductor 
with  non-magnetlc  core  at  one 
frequency,  100,  40a  l.OOa  or 

10,000  Hi  (c^) . . 

$4aoo 

201.104b 

Determination  at  an  additional 
frequency  100,  400,  1,000.  or 

10,000  Hi  (c/s)  on  an  inductor 

tested  under  %1.104a _ _ 

26.00 

201.1041 

For  special  tests  not  covered  by 
the  above  schedule,  advance  ar¬ 
rangements  must  bis  made. 

Feee  will  be  charged  depending 
upon  tbe  nature  of  tbe  calibra¬ 
tion. 

§  201.105  Standard  capacitors. 

(a)  Calibrations  are  ordinarily  per¬ 
formed  at  65,  100,  400,  1,000,  and  10,000 
Hz  (c/s)  with  an  ambient  temperature  of 
about  23*  C.  and  a  relative  humidity  of 
50  percent  or  less. 

(b)  The  accuracy  stated  in  the  report 
of  calibration  is  determined  in  part  by 
the  accuracy  of  the  NBS  measurements 
and  in  part  by  the  performance  (diarac- 
teristics  of  the  capacitor  itself  and  is 
sufficiently  broad  to  allow  for  variations 
in  the  stray  capacitance  at  the  connec¬ 
tors.  variations  in  temperature  of  a  few 
degrees  Celsius,  considerable  variation  in 
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relative  humidity  and  atmospheric  pres¬ 
sure,  and  frequency  deviations  of  a  few 
percent  from  the  stated  test  conditions. 
Over  the  above  frequency  range,  and  in 
the  capacitance  range  from  0.001  pF  to 
100  tiF,  the  xmcertainty  usually  lies  in  the 
range  0.002  to  0.5  percent. 

(c)  The  capacitance  value  given  is  the 
equivalent  parallel  capacitance.  In  gen¬ 
eral  a  determination  of  the  equivalent 
parallel  conductance  with  high  accuracy 
is  not  feasible;  however,  for  solid  dielec¬ 
tric  capacitors  an  approximate  value  is 
given  vdthout  additional  charge. 

(d)  Continuously  adjustable  (“vari¬ 
able”)  capacitors  are  no  longer  cali¬ 
brated  by  the  Bureau. 

(e)  In  appl3dng  the  following  schedule 
to  decade  capacitance  boxes  the  first  en¬ 
try  (201.105a)  applies  to  a  determination 
of  the  zero  capacitance  and  conductance 
of  the  box  (all  dials  set  at  zero).  The 
second  entry  applies  to  the  determina¬ 
tion  of  the  capacitance  and  conductance 
added  to  the  circuit  when  any  one  dial 
is  advanced  from  zero  to  a  specified  set¬ 
ting,  and  at  the  frequency  used  in  deter¬ 
mining  zero  capacitance.  For  measure¬ 
ments  at  additional  frequencies  the 
schedule  is  applied  in  the  same  manner, 
i.e.,  the  higher  fee  is  used  for  the  first 
point  (zero  calibration)  at  the  new  fre¬ 
quency,  and  the  lower  fee  applies  to 
additional  points  at  that  frequency. 


Item 

Description 

Fee 

201.106a 

Determination  of  either  direct  or 
grounded  capadtance  of  a  fixed 
capacitor  or  one  section  of  a 
snbdivided  capacitor,  with 
alternating  current  at  one  fre¬ 
quency  seiMted  from  those 

listed  above  (201.105) . 

$45.00 

201.106b 

Determination  of  either  direct  or 
grounded  capacitance  of  each 
additional  point  on  the  same 
subdivided  capacitor  submitted 

under  item  201. 106a. . . 

2a  00 

201.106k 

For  special  caUbrations  not  cov¬ 
ered  by  the  above  schedule,  ad¬ 
vance  arrangements  must  be 
made.  Fees  will  be  chuged 
dependent  on  the  time  involved 
in  making  the  calibration. 

Electrochemistry 


§  201.201  Standard  cells. 

(a)  Unsaturated  standard  cells  will 
be  accepted  for  calibration  by  the  Bu¬ 
reau  only  from  public  utilities  and  others 
having  operations  of  such  a  nature  as  to 
require  calibrations  by  the  Bureau. 

(b)  Unsaturated  cells  normally  re¬ 
quire  about  two  weeks  for  a  complete 
calibration.  The  cells  are  kept  in  a 
thermally  insulated  cabinet  and  readings 
of  their  emf  are  taken  daily  for  a  period 
of  ten  days  after  the  values  have  b^me 
reasonably  constant.  If  the  onf  con¬ 
tinues  to  fluctuate,  or  is  imusually  low, 
or  if  the  cell  shows  other  abnormal  indi¬ 
cations,  the  nature  of  the  failure  is 
stated.  Unsaturated  cells  are  not  likely 
to  be  injured  by  normal  transportation 
(maU  or  express),  if  they  are  carefully 
packed.  Shipment  during  very  cold 
weather  should  be  avoided  because  of  the 
possible  hazard  from  freezing. 

(c)  Saturated  cells  shoiild  be  trans¬ 
ported  by  messenger  because  they  should 
never  be  inverted  nor  tipped  more  than 
45*.  In  order  that  the  reported  values 


are  of  the  highest  accuracy  the  emfs  of 
saturated  cells  are  measured  while  tiiey 
are  kept  6  to  8  wedis  in  an  NBS  tempera¬ 
ture-controlled  oil  bath  or  in  their  own 
thermoregulated  air  bath. 


Item 


Description 


Fee 


201.a01a 

201.201b 

201.201c 

201.201d 


201.201e 


201 .20U 


Cadmium  standard  cell  (unsatu- 
rated  type),  determinaticm  of 
eVectromoUve  force  with  an 

uncertainty  of  0.00S  percent . 

Cadmium  stwdard  cell  (saturated 
type),  measurement  of  the  first 
cell  of  a  groim  at  a  fixed  tem¬ 
perature  of  28°  C.,  in  thermo¬ 
statically  controlled  oil  bath  or 
at  a  fixed  temperature  in  a 

tbermoreeulated  air  bath . 

Each  additional  saturated  ceU  of 

a  npup . 

Cadmium  standard  cell  (satu¬ 
rated  tsrpe),  measurement  of 
the  first  cell  of  a  group  at  any 
temperature  between  20  and 
36°  C.,  except  28°  C.,  in  a 
thermostatically  controlled  oil 

bath . . . . 

Each  additional  ceil  of  a  groim 
(at  temperatures  between  20 
and  36°  C.,  except  28°  C.,  in  a 
thermostatically  controlled  oil 

bath) . 

For  special  tests  not  covered  by 
the  above  schedule,  fees  will  be 
charged  dependent  upon  the 
nature  of  the  test. 


$41.00 


82.00 

41.00 


100.00 

48.00 


Electrical  Instruments 
§  201.300  General. 

(a)  Indicating  (pointer-and-scale)  in¬ 
struments  should  be  calibrated  quite 
frequently  with  d-c  standards  and  ac-dc 
transfer  instnunents,  or  with  stable  d-c 
or  a-c  sources  which  are  calibrated  peri¬ 
odically  in  this  way.  Suitable  standards 
and  transfer  instruments  are  now  readily 
available  cmnmercially.  Because  of  the 
necessity  of  frequent  tests,  a  single  d-c 
or  ar-c  calibration  of  an  indicating  in¬ 
strument  has  little  permanent  value. 
Thus  in  this  category  the  Bureau  ordi¬ 
narily  accepts  for  calibration  only  rms 
ac-dc  instnunents  and  thermal  convert¬ 
ers  of  0.1  percent  rated  accuracy  or  bet¬ 
ter.  for  ac-dc  difference  tests  only. 

(b)  The  Biureau’s  ac-dc  difference 
tests  consist  of  determination  of  the  dif¬ 
ference  between  quantities  (current, 
voltage,  or  power)  required  to  give  the 
same  response  (output)  of  an  instrument 
or  thermal  converter  on  alternating  ciu*- 
rent  and  on  reversed  direct  current,  as 
evaluated  by  comparison  with  an  NBS 
ac-dc  transfer  standard.  The  idtemat- 
ing  quantity.  Qa,  required  for  a  given 
response  of  the  instrument  or  converter 
is  then  Qa=Qd  (1-fS)  where  Qd  is  the 
average  quantity  required  for  this  re¬ 
sponse  on  reversed  direct  current,  as  de¬ 
termined  by  d-c  standards,  and  S  is  the 
small  fractional  ac-dc  difference.  Usu¬ 
ally  NBS  ac-dc  difference  tests  are  made 
on  each  range  of  the  instrument  or  con¬ 
verter.  The  differences  depend  on  the 
ratios  of  the  reactances  of  the  compo¬ 
nents,  and  increase  with  frequency,  but 
are  small  and  relatively  permanent  over 
the  rated  frequency  range  of  a  well-de¬ 
signed  instrument.  Therefore,  NBS  tests 
are  normally  made  only  at  the  upper 
rated  frequency  on  each  range  and  at  the 
lower  rated  frequency  on  one  range. 
Ordinarily,  the  tests  ne^  not  be  repeated 
at  intervals  of  less  than  five  years,  and 
then  only  if  the  instrument  is  to  be  used 


over  the  upper  part  of  its  frequency 
range. 

§  201.301  Standard  resistors  for  current 
measurements. 

(a)  Calibration.  The  Bureau  nor¬ 
mally  calibrates  only  resistors  of  0.04 
percent  accuracy  or  better.  Test  results 
for  suitable  standard  resistors  for  cur¬ 
rent  measurements  are  usually  reported 
with  an  uncertainty  of  0.01  percent. 

(b)  Design.  A  standard  resistor  for 
current  measurements  is  a  fotir-terminal 
resistor,  for  which  the  resistance  is  de¬ 
fined  as  the  ratio  of  the  open-circuit  po¬ 
tential  difference  between  the  pt^ntlal' 
terminals  to  the  current  through  the  cur¬ 
rent  terminals.  The  resistance  value  will 
be  definite  and  reproducible  only  if  the 
current  fiow  pattern  at  the  potential  ter¬ 
minals  is  completely  reproduced.  This 
fiow  pattern  should  be  fixed  by  resistor 
design  to  be  independent  of  the  way  in 
which  current  is  introduced  at  the  cur-' 
rent  terminals  and  of  the  location  of 
leads  on  the  potential  terminals.  In 
some  Instances  where  this  has  not  been 
done  the  type  and  location  of  cmmections 
to  the  current  terminals  can  be  specified 
adequately  to  fix  the  fiow  pattern  at  the 
potential  terminals. 

(c)  High-current  resistors.  (1)  Re¬ 
sistors  for  high  currents  (above  about 
1,000  amperes)  require  considerable 
power,  so  that  their  temperature  rise 
between  low  and  rated  current,  and  the 
resulting  change  in  resistance,  will  de¬ 
pend  not  only  on  their  design.  Including 
means  provided  for  dissipating  heat,  but 
also  on  the  connecting  bus  bars  and  their 
Junctions  to  the  resistor.  Bus  bars  of 
generous  cross  section  may  carry  away 
a  significant  part  of  the  heat  generated 
in  the  resistor;  insulequate  bus  bars  may 
actusdly  contribute  to  the  heating  of  the 
resistor.  In  addition,  contact  resistance 
at  the  points  of  connection  to  the  bus 
bars,  unless  carefully  minimized,  may 
contribute  appreciably  to  the  heating. 
(Contact  resistance  of  bolted  connections 
depends  on  area  of  contact,  cleanness  of 
surfaces,  and  pressme.)  Resistance  de¬ 
terminations  made  in  the  laboratory  at 
rated  current  may  therefore  be  of  little 
value  because  the  working  temperature 
conditions  cannot  be  duplicated.  The 
best  experimental  procedure  to  use  in 
such  cases  is  to  place  the  standard  in  a 
temperature-controlled  enclosure  and 
measure  its  resistance  with  a  compara¬ 
tively  low  test  current  when  it  is  heated 
imiformly  to  temperatures  approximat¬ 
ing  that  at  which  it  will  operate  in  service 
(201.301  d  and  e) .  From  data  at  two  or 
more  elevated  temperatures,  combined 
with  that  at  room  temperature,  a  curve 
can  be  plotted  from  which  the  resistance 
at  the  operating  temperature  can  be  read, 
provided  this  temperature  is  determined 
by  the  user  with  the  resistor  imder  the 
actual  operating  conditions. 

(2)  Changes  in  the  resistance  may  also 
result  from  strains  in  the  resistance  ele¬ 
ment  produced  by  mechanical  forces  in¬ 
cidental  to  clamping  the  resistor  connec¬ 
tions,  as  well  as  from  inherent  internal 
expansion  constraints  on  resistor  parts, 
or  forces  frenn  the  magnetic  field  pro¬ 
duced  by  the  current. 
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(d)  Test  sefiedule.  Resistors  when  wlre-wonnd  resistors.  The  magnitude  of 
first  submitted  for  test  should  be  tested  this  effect  varies  with  coll  construction 
with  about  20  percent  of  rated  current  and  with  wire  size  and  coating.  Because 
and  with  full  rated  current;  normsdly  humidity  effects  may  reach  equilibrium  zoisota 
when  resubmitted  for  test,  determina-  only  after  days  (or  even  weeks),  it  is 
tlons  need  be  made  only  with  20  percent  recommended  Uiat  laboratory  hiunidity 
of  rated  current;  once  stability  is  proved,  be  held  continuously  at  or  below  60  per-  20i.so8b 
the  resistor  need  not  be  recalibrated  at  cent. 

intervals  of  less  than  two  years.  (c)  Ambient  temperature  and  selh 

Changes  in  ambient 


InltUl  deUrmination  of  ao^  dU- 
brence  of  an  instrument  or 
conTcrter  at  one  applied  toH> 
age  or  current,  one  frequency 
from  20  tbrough  SO, 000  He  {cj*).. 
Each  additional  determination  of 
ao-de  dUference  of  the  same 
Instrument,  converter  or  set  of 
convertors,  one  frrauency  from 

20  throng  20,000  Hs  (c/ti) _ 

Each  additional  determination  of 
ac-dc  diSerence  of  the  same 
instrument,  converter,  or  set  of 
converters,  one  frequency  from 

20,000  through  60,000  Hx  (e/s) _ 

For  special  te^  not  covered  by 
the  above  schedule,  advance 
arrangements  must  be  made. 
Fees  will  be  charged  depending 
upon  the  nature  of  the  teat. 

For  tests  at  higher  voltages  see 
201.604. 


_  heating  effects. 

temperature  should  have  little  effect  on 

_  ratio  if  all  the  resistance  elements  have 

the  same  temperature  coefBci^t. 

However,  self -heating  as  a  result  of  sus¬ 
tained  operation  may  significantly 
change  the  ratios  because  of  unequal 
tea  00  temperature  rise  in  the  various  resistors. 

The  magnitude  of  this  effect  depends  on 
loaoo  construction  and  coil  arrangement,  and 
on  the  power  dissipated.  It  should  (1) 
be  less  than  for  high  ranges,  (2)  be 
2-  „  greater  for  volt  boxes  that  require  higher 
current  at  rated  voltage,  (3)  Increase  ap¬ 
proximately  with  the  square  of  the  ap¬ 
plied  voltage,  and  (4)  be  entirely  negli- 
3a  00  gible  at  20  percent  of  rated  voltage  on  all 
ranges. 

(d)  Suggested  test  schedule.  (1)  Volt 
boxes  should  be  tested  at  rated  voltage. 

100.00  The  first  calibration  test  should  also  in¬ 
clude  a  test  at  20  percent  rated  voltage 
on  one  or  more  of  the  higher  ranges, 
which  are  preferably  selected  by  the  Bu-  binaticms  of  ranges,  followed  by  tests  at 
-  ^  reau.  The  equilibrium  values  at  20  and  unity  power  factor  at  one  scale  point  on 
100  percent  rated  voltage  may  be  used  to 
estimate  the  magnitude  of  the  self -heat- 
270.00  ing  effects  for  the  various  ranges.  Tests 
having  once  been  made  at  20  and  100 
percent  rated  voltage,  subsequent  deter¬ 
minations  need  be  made  only  at  rated 
voltage,  since  the  self-heating  effect 
should  not  change  with  time. 

(2)  Once  stability  has  been  estab¬ 
lished,  a  v(dt  box  should  not  require  re¬ 
calibrations  at  intervals  less  than  two 
years. 


201.30SC 


Description 


Initial  determination  of  resistance 
of  a  slngle-ranire  resistor  or  one 
range  of  a  moltirange  resistor, 
at  30  percent  rated  current  or 
less  (current  rating  not  to  exceed 

300  amp) _ 

Same  as  a-1,  except  current  rating 
above  300  amp  but  not  to  exceed 

1,000  amp _ _ _ _ 

Dstermlnatlon  of  resistance  on 
another  range  of  a  multirange 
resistor,  at  80  percent  rated  cur- 
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rent  or  less  (current  rating  not 

to  exceed  300  amp) _ 

Test  according  to  It^  201.301a  or 
201.Wlb  having  been  made,  for 
an  additional  determinattoi  at 
another  teat  current  (not  to 

exceed  1,000  amp) _ 

Additional  determination  of  re¬ 
sistance  at  temperatures  above 
room  temperature  at  a  current 
not  greater  than  30  percent 
rated,  tor  first  elevated 

tempmture . . . — 

Additional  determination  of  re¬ 
sistance  of  each  additional 
elevated  temperature,  at  a  cur¬ 
rent  not  greater  than  30  percent 

rated _ _ _ 

Twenty  determinations  of  resist¬ 
ances  corresponding  to  9  ping 
positions  and  11  slider  p<^tlons 
of  an  adjustable  low-resistanoe 

standard,  at  80  amp.. _ 

For  determinations  of  resistance 
at  currents  larger  than  1,000  amp 
and  requiring  unusual  setups  or 
procedures,  and  for  special  tests 
not  covered  by  the  above  sched¬ 
ule,  advance  arrangements  must 
be  made.  Fees  lor  such  tests 
will  depend  upon  the  nature  of 
thete^ 


»1.301d 


Determination  of  the  difference 
between  the  reading  on  reversed 
direct  current  and  the  reading 
on  alternating  current  at  the 
Ihet  scale  point  at  which  this 
difference  is  determined,  at  cur¬ 
rents  not  to  exceed  16  amp _ 

Determination  of  this  difference  at 
one  scale  point  on  an  additional 
range,  frequency,  or  power  fac¬ 
tor.  at  currents  not  to  exceed  16 

amp _ _ _ 

DMsrmination  at  each  additional 
scale  point  with  the  same  aun- 
btnanon  of  range,  freqaency, 
and  power  (Mtor,  at  currents  not 

to  exceed  16  amp _ 

For  frequencies  gmter  than  70  Hs 
(c/s)  and  for  special  tests  not  cov- 
CfM  by  the  above  achedole,  ad¬ 
vance  arrangements  must  be 
made.  Fees  will  be  charged  de¬ 
pending  upon  the  nature  of  the 
test. 


§  201.302  Volt  boxes  (fixed  ratio  volt¬ 
age  dividers). 

A  volt  box  is  a  resistive  voltage  divider 
used  to  extend  the  range  of  the  voltage 
measured  by  a  potentiometer.  Its  ratio 
for  any  range  is  obtained  by  dividing 
the  voltage  across  its  input  terminals  by 
the  open-circuit  voltage  across  the  sec¬ 
tion  to  be  connected  to  the  potentiom¬ 
eter. 

(a)  Calibration.  The  Bureau  normally 
calibrates  only  volt  boxes  for  which  the 
maker's  stated  ratio  accuracy  is  0.04  per¬ 
cent  or  better.  Values  of  ratio  are  nor¬ 
mally  reported  with  an  imcertainty  of 
0.005  percent. 

(b)  Humidity  effects.  The  insulating 
structure  of  a  volt  box  is  equivalent  to  a 
network  of  high  resistances  in  parallel 
with  one  or  more  of  its  wire-wound 
precision  resistance  elements.  Thus, 
changes  in  Insulation  resistance  as  a  re¬ 
sult  of  variations  in  surface  or  volume 
'moisture  may  affect  the  ratios.  Such 
ratio  changes  are  normally  less  on  low 
than  on  high  ratios.  This  effect  can  be 
reduced  or  eliminated  by  constructions 
which  provide  built-in  guard  electrodes, 
maintained  at  appropriate  potentials. 
Another  effect  of  humidity  is  to  produce 
changes  in  the  values  of  the  precision 


Deaeription 


Determination  of  ratio  on  one 
range  at  rated  voltage,  not  to 
exo^  lAOO  V,  and  at  a  ratio 


Bxoeeu  i,ow  v,  ana  h  a isuo 

not  to  exceed  iaOOO/l _ — . 

Detennlnatlon  of  ratio  at  rated 
voltage  on  an  additional  range... 
Determination  at  a  reduced  volt¬ 
age  on  a  range  teeted  in  301.302  a 

or  b . . ... 

Teat  per  range,  at  rated  voUage, 
of  a  multirange  guarded  etaud- 
ard  voltage  divider.  (Deeign 
limllar  to  that  deo^b^  ki 
NB8  RP1419.)  Valuee  nor¬ 
mally  reported  with  an  tmoer- 

tainty  of  0.001  percent. . 

For  teata  on  volt  boxea  not 
covered  by  the  above  aehedule, 
advance  arrangements  most  be 
made.  Feae  will  be  charged 
depending  upon  the  nature  of 
the  teat. 


195,00 


§  201.305  Watthoar  meters. 

Except  imder  unusual  circumstances, 
only  portable  standard  watthour  meters 
(rotating  standards)  will  be  accepted  for 
test.  Tests  consist  of  determinations  of 
the  percentage  registration  of  the  meter 
“as  received.”  If  meters  are  to  be 
cleaned  and  adjusted  tills  must  be  done 
before  they  are  submitted  for  test.  The 
Bureau  does  not  undertake  the  cleaning 
and  adjustment  of  meters  and  does  not 
knowingly  begin  tests  on  faulty  meters. 
Before  tests  can  be  started  the  test  con¬ 
ditions  must  be  completely  specified  by 
the  user  as  to  current  and  voltage  ranges 
to  be  tested,  frequency,  applied  voltage 
and  current,  and  power  factor.  A  guide 
listing  a  limited  yet  adequate  schedule 


§  201.303  Ac-dc  iastnunenU  and  ther¬ 
mal  converters  (20  to  50,000  Hx 
(c/s),  up  to  20  amp  and  600  V). 

Ordinarily  rms  ao-dc  Instruments  or 
converters  of  0.1  perc«it  rated  accuracy 
or  better  are  accepted  for  test,  which 
consists  of  ac-dc  difference  determina¬ 
tions  by  the  procedures  of  items  201.803 
a  toe.  See  201.300. 
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of  tests  is  available  at  no  charge.  Test 
voltages  should  be  chosen  from  the  fol¬ 
lowing  values:  1,  2,  or  4  times  110.  115, 
120, 125,  and  130  V.  Test  current  should 
be  chosen  fixxn  the  following  values:  1, 
10.  or  100  times  0.25.  0.5.  0.75.  1,  1.25,  1.5, 
2,  2.5, 3.  3.75,  4,  5,  7.5  amperes  (but  not  to 
exceed  100  amperes).  Tests  at  other 
voltages  or  currents,  or  at  power  factors 
other  than  1.0  and  0.5  current  lagging, 
will  be  considered  as  special  tests,  be¬ 
cause  rearrangements  of  circuits  are  re¬ 
quired  (see  201.305Z).  Unless  otherwise 
specified,  test  runs  on  portable  standard 
watthour  meters  (rotating  standards) 
are  of  approximately  100  seconds  dura¬ 
tion.  The  meters  are  energized  for  at 
least  30  minutes  at  rated  voltage  and 
current  on  one  range  before  starting  the 
test. 


Item 

Description 

Fee 

201.30Sa 

Test  st  60  He  {c/s)  on  one  com- 
1  binstion  of  range,  applied  volt- 

age,  and  power  (actor,  at  not 

moie  than  five  current  loads . 

$72.00 

201.306b 

Additional  test  (m  the  same  or  an 
additional  combination  of 
range,  wpUed  current,  voltage, 
and  power  factor . . 

10.00 

201.306c 

Test  of  one  or  two  additional 
meters  simultaneously  with  the 
first,  under  the  same  oondl- 

tions  as  201.305a,  per  meter . 

37.00 

201.306d 

Test  of  each  additional  meter 
simultaneously  with  the  first, 
under  the  same  ctmdltiODS  as 

201.306b,  per  meter . 

6.00 

201.306c 

For  special  tests  not  covered  by 
the  alx>ve  schedule,  advance 
arrangements  must  be  made. 
Fees  will  be  charged  depending 
upon  the  time  required  for  the 
test. 

§  201.306  Current  transformers. 

(a)  Calibration:  The  Bureau  normally 
calibrates  only  current  transformers  of 
high  quality  for  use  as  reference  stand¬ 
ards.  The  Bureau  may  decline  requests 
for  tests  which  are  not  to  be  used  for 
establishing  or  checking  a  reference 
standard.  If  the  transformer  quality  is 
stated  in  terms  of  ASA  accimacy  classes, 
calibration  will  normally  be  limited  to 
transformers  stated  to  be  in  the  0.3  per¬ 
cent  class  for  one  or  more  ASA  burdens. 
Bureau  equipment  is  primarily  designed 
for  testing  current  transformers  whose 
rated  secondary  current  is  5  amperes. 
Results  obtained  at  frequencies  nesu*  60 
Hz  (c/s)  will  normally  be  reported  with 
an  uncertainty  of  0.05  percent  in  ratio 
and  1  min  in  phase  angle.  However,  in 
some  instances  the  ratio  can  be  reported 
with  an  uncertainty  of  0.02  percent  and 
the  phase  angle  to  0.5  minute. 

(b)  Test  information:  Tests  cannot  be 
started  until  information  is  furnished 
concerning  the  following  conditions:  (1) 
test  frequency,  (2)  secondary  test  cm- 
rents,  (3)  secondary  burdens.  (4)  ranges 
to  be  tested.  It  is  customary  to  make 
tests  at  secondary  currents  of  0.5,  1,  2,  3, 
4,  and  5  amperes. 

(c)  Transformer  bmden:  (1)  CJurrent 
transformers  should  be  tested  with  bur¬ 
dens  equivalent  to  the  impedance  im¬ 
posed  when  the  transformer  is  used  as 
a  reference  standard.  Inclusion  of  tests 
at  ASA  bmdens  is  not  recommended. 
The  burdens  listed  in  the  American 
Standard  for  Instnunent  Transformers. 
C-57.13,  are  for  rating  purposes  only  and 
differ  from  the  instrument  burdens  im¬ 


posed  on  a  reference  standard.  Large 
errors  in  measurement  can  result  if  the 
values  of  ratio  and  phase  angle  obtained 
with  an  ASA  burden  are  used  for  the 
transformer  when  it  supplies  only  an  in¬ 
strument  burden. 

(2)  Preferably  the  burden  should  be 
specified  in  terms  of  the  measured  re¬ 
sistance  and  inductance.  Including  the 
leads  to  connect  the  instruments  to  the 
secondary  of  the  transformer.  If  this 
measur^ent  cannot  be  made  con¬ 
veniently,  it  will  suffice  in  most  cases  to 
state  the  name  of  the  maker,  the  type, 
range,  and  serial  number  of  each  instru¬ 
ment  used  in  the  burden,  and  the  length 
and  size  of  the  leads  used  in  the  sec- 
dndary  circuit.  Alternatively  the  burden 
may  be  stated  in  terms  of  the  volt- 
amperes  and  power  factor  of  the  sec¬ 
ondary  circuit  at  the  test  frequency. 

(3)  The  test  ec  ulpment  regularly  used 
at  the  Bureau  imposes  a  mlnimiun  test 
burden  of  about  0.16  ohm  with  a  mini¬ 
mum  inductance  of  about  10  /iH.  (if  the 
burden  inductance  is  larger  than  10  fiH, 
the  minimum  resistance  is  increased 
above  0.16  ohm) .  Special  test  equipment 
and  procedures  must  be  used  for  burdens 
lower  than  0.16  ohm,  so  that  advance  ar¬ 
rangements  must  be  made  and  higher 
fees  miist  be  charged.  In  plsmning  for 
the  tests  of  a  transformer  it  is  therefore 
desirable  to  select  a  low  burden,  but  one 
larger  than  this  minimum,  preferably 
not  less  than  0.2  ohm.  The  required 
total  may  be  made  up  by  incorporating 
resistance  in  the  leads  to  the  instru¬ 
ments. 

(d)  Multirange  current  transformers, 
in  which  the  same  sections  of  primary 
windings  are  used  in  series  and  in  paral¬ 
lel.  usually  have  phase  angles  and  ratio 
factors  which  are  eqxial  on  the  several 
ranges  to  within  the  accuracy  needed  for 
almost  any  measurement  purpose. 
Hence  a  test  at  six  values  of  secondary 
current  on  one  range  is  nearly  always 
sufficient  to  determine  the  character¬ 
istics  of  the  transformer.  Further  tests, 
often  made  at  0.5  and  5  secondary  am¬ 
peres  on  each  additional  range,  merely 
serve  as  a  safeguard  by  means  of  which 
mistakes  in  winding  may  be  detected. 
When  the  various  ranges  of  a  multirange 
transformer  are  obtained  by  taps  on 
either  winding,  this  relation  does  not 
necessarily  hold,  particularly  in  the  case 
of  secondary  taps;  and  tests  in  addition 
to  the  Initial  six-point  test  on  one  range 
should  be  made,  using  two  values  of  sec¬ 
ondary  current  on  each  of  the  ranges  so 
obtained.  Transformers  of  some  de¬ 
signs,  however,  show  very  little  difference 
in  ratio  factor  and  phase  angle  on  the 
various  ranges,  and  the  Bureau  should  be 
consulted  before  tests  on  a  large  number 
of  ranges  are  requested. 

(e)  Demagnetization:  Unless  other¬ 
wise  specified,  current  transformers  will 
be  demagnetized  before  being  tested.  If 
it  is  desired  to  have  a  transformer  tested 
as  submitted  (without  demagnetization) , 
this  fact  should  specifically  be  stated. 

(f)  Test  limitation  at  frequencies 
greater  than  60  Hz  (c/s) :  At  400  Hz  (c/s) , 
the  maximum  current  range  for  which 
tests  are  made  is  about  200  amperes  and 
the  phase  angle  values  are  normally  re¬ 
ports  to  an  accuracy  of  3  minutes;  at 
800  Hz  (c/s)  there  is  a  further  reduction 


in  the  ciirrent  range  and  acciuacy.  If 
the  burdens  at  these  higher  frequencies 
are  specified  in  terms  of  volt-amperes 
and  power  factor,  the  frequency  for 
which  these  values  are  staW  must  be 
clearly  indicated  so  that  the  proper  bur¬ 
den  resistance  and  inductance  can  be 
duplicated. 

(g)  Recalibration:  At  room  tempera¬ 
ture  the  ratio  and  phase  angle  under  a 
specified  test  condition  should  be  repeat- 
able  imless  the  core  is  magnetized.  Once 
stability  has  been  demonstrated  a  current 
transformer  should  not  require  recali¬ 
bration  at  intervals  less  than  five  years. 


Item 

Description 

Fee 

201.306a-l 

Determinations  of  the  ratio  and 
phase  angle  of  a  current  trans¬ 
former  on  one  range  at  one  fre¬ 
quency  and  one  burden  (not 
less  than  0.2  ohm  resistance)  at 
not  more  than  six  values  of  sec¬ 
ondary  current,  namely,  0.6, 1, 

2,  3,  4,  and  8  amp  unless  othw- 

wise  specified;  primary  current 
not  to  exceed  6w)  amp _ 

$115.00 

201.306a-2 

Same  as  a-1  except  primary  cur¬ 
rent  greater  than  800  amp  but 

not  to  exceed  8,000  amp . . 

140.00 

201.306b-l 

Determinations  of  the  ratio  and 
phase  angle  at  one  value  of  sec¬ 
ondary  current  on  an  addltioiwl 
combination  of  frequency, 
range,  and  burden  (not  less 
than  0.2  ohm  reststwee);  pri¬ 
mary  current  not  to  exceed  500 

20.00 

201.306b-2 

Same  as  b-1  except  primary  cur¬ 
rent  greater  than  600  amp  but 

not  to  exceed  8,000  amp . 

30.00 

201.306c 

Determinations  of  ratio  ud  phase 
angle  at  an  additional  value  of 
secondary  current  with  the 
same  combination  of  frequency, 
ran^,  and  burden  used  in 
201.306a  or  b,  primary  current 

not  to  exceed  8,000  amp . 

10.00 

201.3061 

1 

For  tests  of  current  tran^ormers 
at  frequencies  other  than  26,  60, 
or  60  Ht  (c/s),  or  with  burdens 
less  than  0.2  ohm  resistanoe,  or 
with  primary  currents  greater 
than  8,000  amp,  and  for  special 
tests  not  coveM  by  the  above 
schedule,  advance  arrange¬ 
ments  must  be  made.  Fete 
will  be  charged  depending  upon 
the  nature  of  the  test. 

§  201.307  Carrent  transformer  compar- 

ators  (testing  sets). 

Item 

Description 

1 

I  Fee 

201A07a 

!  Determination  of  the  values  of 
!  current  ratio  and  phase  angle 

1 

! 

for  settings  of  the  dials  of  a  cur- 

! 

rent  transformer  comparator  for 

60  Hx  (c/s)  (not  exceeding  13 

points  on  ratio  dial  and  16  on 

on  phase  angle  dial) . . 

I  $355.00 

201.307b 

Determination  according  to 

201.307a  having  been  made,  for 

10  determinations  at  25  Ht  (c/s) 
or  for  determirtttions  on  the 
second  range  of  a  double-range 

i 

40.00 

comparator.. . . . 

201.307s 

For  special  tests  not  covered  by 
the  above  schedule,  advance  ar¬ 
rangements  must  be  made. 

Fees  will  be  charged  depending 
upon  the  nature  of  the  test. 

Magnitic  .  Measurements 


§  201.400  General. 

(a)  A  general  discussion  of  magnetic 
principles  and  methods  used  in  magnetic 
testing  is  given  in  NBS  Monograph  47, 
Basic  Magnetic  Quantities  and  the  Meas¬ 
urement  of  the  Magnetic  Properties  of 
Materials.  Price  30  cents.  Available 
from  Superintendent  of  Dociunents,  U.S. 
Government  Printing  Office,  Washing¬ 
ton,  D.C.,  20402. 
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(b)  Tests  In  this  field  are  for  the  most 
part  made  on  samples  which  serve  as 
Standards  to  coordirate  work  in  various 
laboratories  and  thus  secure  uniformity 
in  commercial  testing.  For  this  purpose 
it  is  essential  that  the  standard  bars  be 
very  uniform  in  their  magnetic  proper¬ 
ties.  The  Bureau  does  not  normally 
make  routine  acceptance  tests  of  mag¬ 
netic  materials  unless  these  specimens 
are  to  be  used,  at  least  temporarily,  as 
Standards.  The  standard  dimensions  of 
magnetic  test  specimens  are  given  in 
§§  201.401  and  201.402.  It  is  occasion¬ 
ally  possible  to  test  specimens  of  unusual 
materials  or  shapes  where  the  services  of 
the  Bureau  are  needed  in  the  develop¬ 
ment  of  new  test  procedures  which  are 
likely  to  be  of  importance  in  the  indus¬ 
try.  In  such  cases  a  full  imderstandlng 
of  the  problem  should  be  developed  by 
correspondence,  or  preferably  by  a  visit 
which  will  permit  direct  discussion  be¬ 
tween  engineers  concerned  and  the 
Bureau  staff. 

§  201.401  General  magnetic  measure¬ 
ments;  normal  induction  and  hyster¬ 
esis. 

Specimens  submitted  for  test  should 
be  of  rectangular  cross  section,  width 
not  to  exceed  3.0  cm  (IV^  in.) ;  thickness 
not  to  exceed  1.0  cm  (%  in.) ;  for  mag¬ 
netizing  forces  from  0  to  300  or  0  to  5,000 
oersteds,  length  to  be  not  less  than  25.4 
cm  <10  In.);  for  magnetizing  forces  in 
the  range  100  to  5,000  oersteds,  length 
to  be  not  less  than  7  cm  (2%  in.) .  Speci¬ 
mens  whose  permeability  is  not  greater 
than  4  may  be  of  circular  cross  section, 
diameter  not  to  exceed  1.27  cm  in.) 
but  in  any  event  cross-sectional  area 
must  be  not  less  than  0.2  cm*  (0.031  in.') . 


Item 

I>«sertptlon 

Fee 

201.4Ula 

Determination  of  data  tor  normal 
induction  curre  In  the  raoxe  0 

$50.00 

20l.4illli 

Determination  of  data  for  normal 
Induction  curre  in  the  range 

00.00 

201.4010 

Determination  of  data  for  normal 
induction  curre  in  the  range  0 

100.00 

201.401.1 

Determination  of  data  for  demag- 
netiiation  curre,  one  ralue  of 

00.00 

201.401e 

Same  ai  aOl.MId,  each  additional 
ralTM  of  maximum  magnetlxing 

40.00 

201.401  f 

Determination  of  nermeabilKy 
ibr  specimens  whose  nermea- 
blUty  is  loM  than  4,  first  spec!- 

2a  00 

201.401)! 

Each  additional  specimen  snb- 

10.00 

201.4011! 

For  examination  of  material 
found  to  be  unsuitable  lor  test, 
or  lor  special  tests  not  oorered 
by  the  abore  schedule,  fees  will 
be  charged  dependent  on  the 
cost  of  such  examination  or 
special  teM. 

§201.402  Magnetic  materials;  a— c  per- 
nirubility  and  core  loss. 

Test  specimens  should  consist  of  the 
proper  number  of  strips  3  cm  (1%6  in.) 
wide  and  either  28  cm  (11^  in.)  to  30.5 
cm  (12  in.),  or  50  cm  (lO^Vis  in.)  long 
prepared  in  accordance  with  the  speci¬ 
fications  of  the  American  Society  for 
Testing  and  Materials.  A-34. 


Item 

Description 

Fee 

301.402a 

Determination  of  total  core  loss  at 

60  Hi  (c/s)  at  one  ralue  of  maxl- 

$45.00 

201.402b 

Same  as  201.402a,  each  additional 

value  of  maTimiiTn  induction _ 

15.00 

2n.40l2c 

Determination  of  we  permeability 

60  Hft  (e/s)  ftt  one  Talue  ol 

45.00 

201.402d 

Same  as  301.402c,  each  additional 

ralue  of  maximum  induction _ 

15.00 

201.402Z 

For  examination  of  material  found 
to  be  unsuitable  for  test,  or  for 
special  tests  not  covered  by  tbs 
above  acbedule,  fees  will  be 
charged  dependent  on  the  cost  of 
such  examination  or  special  test. 

§201.403  Magnetic  testing  apparatus; 
mutual  inductors,  search  coils,  and 
fluxmeters. 


Item 

Description 

Fee 

201.4(na 

Determination  of  mutal  induction 

by  direct  current . . 

$30.00 

201.403b 

Same  at  201.403a,  each  additional 
inductor  submitted  at  the  same 
time  or  each  additional  value  for 

variable  or  tapped  Inductors _ 

Determination  of  the  area-turns 

15.00 

201.403c 

of  a  search  coll,  first  coil _ 

35.00 

201.403d 

Each  additional  search  coll  sub- 

mitted  at  the  same  time . 

20.00 

201.403e 

Calibration  of  fluxmeter  at  not 
more  than  five  points  on  one 

rans« . 

45.00 

201.403f 

Calibration  of  fluxmeter  at  one 
scale  point  on  an  additional 

rftng« . ' 

10.00 

201.403c 

Calibration  of  standard  magnets. .. 

30.00- 

7000 

201 .4031 

For  examination  of  apparatus  un¬ 
suitable  for  teat,  or  for  special 
tests  not  covered  by  the  above 
schedule,  fees  will  be  charged 
dependent  on  the  cost  of  such 
examination  or  special  test. 

DIELECTIUC  MEASmtElCZNTS 

§  201.500  Dielectric  constant  and  dissi¬ 
pation  factor. 

In  general,  the  Bureau  will  make  tests 
of  insulating  and  dielectric  properties  of 
materials  only  on  (1)  specimens  of 
known  composition  of  pure  materials  for 
which  values  are  considered  of  use  by  the 
Bureau,  or  by  other  government  agen¬ 
cies:  and  (2)  dielectric  reference  stand¬ 
ards  made  from  materials  exhibiting  re¬ 
producible  behavior  xmder  specified  en¬ 
vironmental  conditions  (such  as  humid¬ 
ity),  when  such  standards  are  needed 
for  improving  methods  of  measurement. 
Measurements  are  not  made  on  the  effec¬ 
tive  insulation  resistances,  dielectric  con¬ 
stant  or  dissipation  factor  of  structures 
and  assemblies  of  Insulation,  or  on  elec¬ 
tric  breakdown  generally.  Inquiries 
giving  comprehensive  information  re¬ 
garding  any  tests  desired  from  low  fre¬ 
quencies  up  to  30  kHz  (kc/s)  should  be 
directed  to  the  National  Bureau  of 
Standards,  Washington,  D.C.,  20234. 
Inquiries  concerning  tests  above  30  kHz 
(kc/s)  should  be  addressed  to  the  Na¬ 
tional  Bureau  of  Standards,  Boulder, 
Colo.  80301. 

Voltage  Ratio  and  High-Voltage 
Measueements 

Non;  See  |  201.103  for  Infornuttion  rela¬ 
tive  to  the  caUbratton  of  reelsUve  voltage 
dividers  with  direct  current.  See  I  301.302 


for  Information  relative  to  the  calibration 
of  volt  boxes. 

§  201.601  Voltage  dividers. 

(a)  The  calibration  of  ratio  devices 
such  as  voltage  dividers  need  not  be 
referred  to  the  national  standards  of 
Inductance  or  resistance  or  to  any  other 
national  standard.  Howeva:,  methods 
and  equiiHnent  are  available  at  the  Bu¬ 
reau  for  the  measurement  of  alternating- 
voltage  ratios  with  high  accuracy,  and  a 
routine  calibration  service  for  first- 
quality  decade  inductive  voltage  dividers 
is  provided.  Inductive  voltage  dividers 
which  Incorporate  a  resistive  divider  as 
a  fine  adjustment  are  not  accepted  for 
calibration. 

(b)  The  largest  contribution  to  insta¬ 
bility  in  Inductive  voltage  dividers  often 
arises  in  the  decade  switches.  Variable 
contact  resistance  in  these  switches 
sometimes  affects  the  stability  of  voltage- 
ratio  measurements  to  a  significant  ex¬ 
tent  but  is  most  evident  by  its  effect  on 
the  phase  angle.  When  a  decade  induc¬ 
tive  voltage  divider  exhibits  large 
changes  in  phase  angle  on  repeated  meas¬ 
urements  after  the  switches  have  been 
disturbed,  the  divider  should  no  longer 
be  considered  satisfactory  for  use  as  a 
standard  of  voltage  ratio. 

(c)  Ckirrections  for  the  separate  dec¬ 
ades  of  an  inductive  divider.  In  general, 
cannot  be  sinmly  combined;  however,  the 
correction  to  a  step  setting  of  one  of  the 
higher  decades  is  usually  independent  of 
the  setting  of  the  lowest  decades.  Stray 
impedances  must  be  fixed  by  connecting 
the  case  to  the  divider  at  one  point;  and 
unless  otherwise  specified,  the  case  will 
be  connected  to  one  of  the  common  ter¬ 
minals.  Calibration  intervals  of  three 
years  should  be  satisfactory  for  good 
quality  inducive  voltage  dividers  which 
^ve  not  been  abused. 

(d)  Decade  Inductive  voltage  dividers 
are  calibrated  at  the  Bureau  by  a  com- 
pculson  method,  using  as  A  woiidng 
standard  a  well-constructed  inductive  di¬ 
vider  which  has  previously  been  cali¬ 
brated  by  capacitance-ratio  or  other  suit¬ 
able  methods.  The  comparison  method 
is  simple  and  convenient  and  can  be  used 
in  other  laboratories  for  the  rapid  cali¬ 
bration  of  other  vedtage  dividers.  Ac¬ 
cordingly.  it  is  recommended  that,  in 
general,  only  one  divider  from  a  labora¬ 
tory  be  submitted  to  the  Bureau  for  cali¬ 
bration  and  that  other  dividers  be  ceJi- 
brated  by  a  comparison  method  using  it 
as  a  standard. 


Item 

Description 

Fee 

201.601a 

Determination  of  the  ratio  and 
phase  angle  of  an  inductive  volt¬ 
age  divltm  for  each  setting  of 
the  three  highest  decades 
decades  except  the  one  under 
calibration  being  set  at  0)  and 
for  two  other  arbitrary  settings 
to  be  selected  by  NB8,  at  one 
frequency  (50, 100, 400  and  1,000 
Hi  (c/IO  services  are  available 
at  MBS  Washington;  400  and 

1 JWO  Us  (^)  services  are  avail¬ 
able  at  NBS-Boulder)  and  with 

an  input  voltage  not  exceeding 
ISO  volts  rms  (oallbrations  are 
ordinarily  made  arlth  an  input 

voltage  of  100  volts  rms)  _ i 

$130.00 

6754 


RULES  AND  REGULATIONS 


Item 

Description 

Fee 

201.601b 

Determination  of  the  ratio  and 
phase  angle  of  an  inductive 
voltage  divider  for  each  setting 
of  the  highest  decade  (all  other 
decades  being  set  at  0)  and  for 
one  arbitrary  setting  of  each  of 
the  2d  and  3d  decades  to  be 
selected  by  NBS,  at  one  Ite- 
quency  and  with  an  input  volt¬ 
age  not  exceeding  160  volts  rms 

(see  201.601a  above) . . 

$76.00 

201.601s 

Determinati<m  of  the  ratios  and 
phase  angles  of  resistive  or  ca¬ 
pacitive  voltage  dividers  and  of 
inductive  voltage  dividers  at 
frequencies  (other  than  those 
listed)  up  to  10  kHs  (kc/s)  or  in 
other  respects  beyond  those 
covered  in  items  201.601a  and 
201.601b  are  handled  on  a  special 
test  basis,  and  advance  arrange¬ 
ments  must  be  made.  Fees  will 
be  charged  dependent  up(m  the 

nature  of  the  test. 

§  201.602  Voltage  transformers. 

(a)  Acceptance.  The  Bureau  normally 
accepts  voltage  transformers  for  calibra¬ 
tion  only  if  they  are  suitable  for  use  as 
reference  standards.  Results  of  tests  at 
or  near  60  Hz  (c/s)  will  normally  be  re¬ 
ported  to  0.01  percent  in  ratio  and  1 
minute  in  phase  angle. 

(b)  Test  information.  Tests  cannot 
be  started  until  information  is  furnished 
concerning  the  following  test  conditions: 
(1)  Test  frequency;  (2)  secondary  test 
voltages;  (3)  secondary  burdens;  (4) 
ranges  to  be  tested. 

(c)  Transformer  burdens.  The  ratio 
and  phase  angle  of  a  voltage  transformer 
vary  linearly  with  secondary  current 
imder  conditions  of  constant  voltage,  fre¬ 
quency,  and  power  factor  within  its  rat¬ 
ing.  Hence,  if  values  of  ratio  and  phase 
angle  are  determined  on  open  circuit 
(zero  burden)  and  at  one  burden  having 
a  particular  power  factor,  values  at  other 
burdens  with  the  same  power  factor  (and 
at  the  same  voltage  and  frequency)  can 
be  found  by  linear  interpolation.  If  the 
ratio  and  phase  angle  of  a  voltage  trans¬ 
former  are  known  both  on  open  circuit 
(zero  burden)  and  at  a  single  unity 
power-factor  burden,  the  ratio  and  phase 
angle  for  any  burden  within  its  rating  at 
any  power  factor  (at  the  same  voltage 
and  frequency)  can  be  computed  with 
sufficient  accuracy  for  many  measure¬ 
ment  purposes  by  the  following  formulas: 

F=F»+j^  [(Fi— ft)  cos  *+(71— T-i)  sin  ♦), 
and 

7=70+^  [(Fi-Ft)  sin  *-(71-71)  cos  ♦). 

where  Ii  and  I  are  the  secondary  current  at 
the  known  unity  power-factor  burden  and 
the  desired  burden,  respectively;  Fg,  Fx,  and 
F  are  the  ratio  correction  factors  at  zero 
burden,  the  known  unity  power-factor  b\ir- 
den,  and  the  desired  burden,  respectively; 
7o,  >x*  'y  ^he  corresponding  phase 
angles  in  radians;  and  cos  4>  is  the  power 
factor  of  the  desired  burden  (*  being  taken 
as  positive  for  inductive  burdens) .  The  fol¬ 
lowing  conversion  factors  apply: 

1  minute =0.000291  radian 

1  radian =3438  minutes 

The  “standard  burdens”  of  the  ASA 
Standard  for  Instrument  Transformers 
(C57.13)  are  for  rating  purposes  only, 
and  are  not  recommended  for  use  as  test 


burdens  in  calibrating  a  voltage  trans¬ 
former  for  use  as  a  reference  standard. 
Values  of  ratio  and  phase  angle  at  any 
ASA  burden  can  be  computed  with  suffi¬ 
cient  accuracy  for  rating  purposes  by 
using  the  above  formulas.  The  test  bur¬ 
dens  recommended  are  stated  in  item 
201.602a-l,  below.  In  this  item,  the  in¬ 
strument  burden  “to  be  specified  by  the 
user”  should  preferably  be  the  burden 
with  which  the  transformer  will  be  used 
as  a  reference  standard,  in  the  test  cir¬ 
cuit,  and  may  be  stated  either  in  terms 
of  volt-amperes  and  power  factor  at  a 
specified  voltage  and  frequency,  or  the 
resistance  and  reactance  of  the  test  cir¬ 
cuit  elements. 

(d)  Test  voltages.  When  a  secondary 
burden  of  fixed  impedance  is  used,  the 
ratio  and  phase  angle  of  a  well-designed 
voltage  transformer  are  nearly  independ¬ 
ent  of  the  secondary  voltage  within  its 
normal  operating  range.  Hence,  tests 
at  a  single  voltage  are  sufficient  unless 
the  transformer  is  to  be  operated  over 
an  extended  voltage  range.  In  extended- 
range  operation  the  variations  of  ratio 
factor  and  phase  angle  with  voltage  are 
identical  for  any  constant-impedance 
burden.  Hence,  it  should  be  sufficient  to 
make  ratio  and  phase-angle  determina¬ 
tions  at  the  extremes  of  the  expected 
voltage-range  of  operation  and  at  one 
or  perhaps  two  intermediate  voltage 
points  on  one  burden  (preferably  zero 
burden) .  Tests  at  all  additional  brndens 
need  be  made  at  only  a  single  voltage. 

(e)  Multirange  transformer.  When 
miiltiple  ranges  are  provided  by  series- 
parallel  primary  connections,  the  ratio 
correction  factors  and  phase  angles  (for 
constant  secondary  voltage,  btirden,  and 
frequency)  are  practically  Identical  for 
all  ranges  so  obtained.  (Hence  a  single 
determination  on  each  range  after  the 
first  serves  to  completely  define  the 
transformer  performance  when  the 
added  ranges  are  obtained  by  primary 
series-parallel  combinations.)  When 
multiple  ranges  are  obtained  by  tapping 
a  portion  of  one  of  the  windings,  or  by 
secondary  series-parallel  combinations, 
the  ratio  correction  factors  and  phase 
angles  are  not  necessarily  the  same  on 
the  various  ranges. 

(f)  Fuses.  It  is  recommended  that 
voltage  transformers  intended  as  refer¬ 
ence  standards  be  used  without  fxises,  be¬ 
cause  fuse  resistance  affects  both  ratio 
and  phase  angle  values  so  that  fuse  de¬ 
terioration  or  replacement  may  alter  the 
values.  When  a  fused  transformer  is 
submitted,  tests  with  the  f\ises  in  place 
will  be  made  only  if  this  is  specifically 
requested  by  the  customer. 

(g)  Tests  at  400  Hz  (c/s) .  Ratio  and 
phase  angle  determinations  at  400  Hz 
(c/s)  can  be  made  up  to  9,000  volts.  Re¬ 
sults  of  such  tests  will  normally  be  re¬ 
ported  to  0.03  percent  in  ratio  and  3 
minutes  in  phase  angle. 

(h)  Recalibration.  The  ratio  and 
phase  angle  of  a  voltage  transformer  for 
a  given  burden,  voltage,  and  frequency 
should  not  change  significantly  with 
time  unless  the  transformer  is  damaged. 
Once  stability  has  been  demonstrated. 


a  transformer  should  not  require  recall- 
bration  at  intervals  less  than  five  years. 

(i)  Shipment.  Heavy  transformers 
should  be  shipped  in  wooden  boxes  and 
held  in  place,  if  necessary,  by  checks  or 
cleats.  Large  transformers,  especially 
those  having  oil-filled  iron  cases,  should 
be  crated  separately  and  arranged,  when¬ 
ever  possible,  so  that  the  terminals  can 
be  made  accessible  for  tests  without  re¬ 
moving  the  entire  crate.  The  tops  of 
boxes  should  be  marked  “this  side  up." 
Large  transformers  (those  more  than  12 
ft.  high  including  crating,  or  weighing 
more  than  6,000  lbs.)  require  special  han¬ 
dling;  advance  arrangements,  including 
provision  for  delivery  inside  the  labora¬ 
tory,  must  be  made. 


Dfiscription 


Fee 


201.602a-l 


201.<102a-2 

201.e02a-S 


201.e02a-4 


Note:  It  is  recommended  that  a 
ToltaKe  transfarmer  be  cali¬ 
brated  under  schedule  201.fl02a- 
1  or  aoi.«)2a-2  the  first  time  it 
is  submitted  to  NBfi  for  cali¬ 
bration.  In  view  of  the  w- 
formance  characteristics  dis¬ 
cussed  above,  it  is  believed  that 
subsequent  calibrations  under 
schedule  201.a02a-3  or  201.«)2a-4 
should  meet  most  requirements. 
Determinations  of  the  ratio  and 
phase  anf(Ie  of  a  voltage  trans¬ 
former  at  one  frequency  (2S,  SO, 
or  60  lit  (c/s)),  one  range,  and 
one  secondanr  voltage,  with  not 
more  than  four  values  of  second¬ 
ary  burden;  luunely,  those 
giving  f«ro,  half,  and  full  rated 
noninductive  load  at  rated  volt¬ 
age,  and  with  one  instrument 
burden  of  approximately  unity 
power  factor  to  be  specified  by 
the  user;  primary  voltage  not  to 

exce^  25,000  V _ 

As  in  a-1  except  primary  voltage 
greater  than  26,000  V  but  not  to 

exceed  100,000  V . 

Determination  of  the  laUo  and 
phase  angle  of  a  voltage  trans¬ 
former  at  one  frequency  (26,  60, 
or  60  Hx  (c/s)).  one  range,  otre 
secondary  voltage  and  with  one 
unity  power  factor  burden;  pri¬ 
mary  voltage  not  to  exceed 

26,000  V . . 

Determination  of  the  ratio  and 
phase  angle  of  a  voltage  trans¬ 
former  at  one  frequency  (26,  60, 
or  60  nt  (c/s)l,  one  range,  one 
secondary  voltage  and  with  (me 
unity  power  foctor  burden;  pri¬ 
mary  voltage  not  to  exceed 


$110.00 

150.00 


80.00 


201.602b 


201.602c 


a01.602d 


201.602e 


201.602t 


100,000  V . 

Determination  of  ratio  and  phase 
angle  at  erne  value  of  secondary 
voltage  on  an  additional  range 
or  fre(|uency,  and  with  any  of 

the  burdens  used  in  2ni.602a . 

Determination  of  ratio  and  phase 
angle  with  an  additional  bur¬ 
den  (already  used  in  201.602a) 
and  with  the  same  eombinatkm 
of  range,  frequency,  and  voltage 

used  in  201.602b . 

Determination  of  ratio  and  phase 
angle  at  an  addittorud  burden 
of  approximately  unity  power 
factor  other  than  those  used  in 

201.602b . 

Determination  of  ratio  and  phase 
angle  at  an  additional  value  of 
sec(mdary  voltage  (m  the  same 
combination  of  range,  fre¬ 
quency,  and  burden  used  in 

%1.602  a,  b,  c,  or  d. . . 

For  tests  of  voltage  transformers 
at  other  frequencies,  with  pri¬ 
mary  vdlta^  greater  than 
100,000  V,  or  with  other  than 
unity  power  bKtor  burdens, 
and  (or  other  special  tests  not 
covered  by  the  above  schedule, 

;  advance  arrangements  must  be 
made.  Fees  will  be  charged 
depending  on  the  nature  of  the 
test.  At  400  Ht  (c/s),  teat  fees 
are  approximately  (touble  those 
at  60  Ht  {tit). 


120.00 


20  00 


18.00 


30.00 


10.00 
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§  201.603  Voltage  transformer  compar* 
ators. 


Item 

Deseriptloa 

Fas 

201.G03X 

Calibrations  of  voltage  transformer 
comparators  are  handled  on  a 
8i>eclal  tost  basis;  however,  ad¬ 
vance  arrangements  need  not  be 
made.  Fees  will  be  charged 
dependent  upon  the  nature  of 
the  calibration  required. 

§  201.604  Kilovoltmeters. 


Item 

DeacripUon 

Fee 

201.G04a 

Calibration  of  kilovoltmeters  at 
five  scale  points  on  one  range 
using  00  Hi  (c/s)  alternating 

$100.00 

201.004b 

Calibration  of  kilovoltmeters  at 

five  scale  points  on  one  range 
using  direct  voltage  of  one  po- 

larlty  to  ground  (up  to  00  kV)... 

80.00 

201.(iO4o 

CaUbratlon  at  one  scale  point  on 

an  additional  range  (up  to  00 

k-V)  fnr  201  ans  a  nr  h 

2S.00 

201.004d 

CaUbratton  of  each  additional 

scale  point  on  one  of  the  ranges 
calibrated  under  201.604  a,  b,  or 

laoo 

201.GO4X 

For  calibrations  at  voltages  above 
00  kV.  advance  arrangements 
must  be  made.  Fees  will  be 

charged  dependent  upon  tbs 
nature  of  the  calibration  re- 

quired. 

XjOW-Friqusnct  Region 

§  201.701  Frequency  stability  calibra¬ 
tion  of  signal  sources,  up  to  30  kHz 
(kc/s). 

(Services  available  only  at  the  Boulder  Lab¬ 
oratories.) 

(a)  Frequency  stability  calibrations 
are  made  on  signal  sources  up  to  30  kHz 
(kc/s).  (See  schedule  201.860  for  cali¬ 
bration  service  at  higher  frequencies.) 

(b)  The  signal  source  should  have  a 
power  output  of  at  least  10  milliwatts 
(into  a  matched  load) . 

(c)  Frequency  stability  of  the  signal 
source  should  be  better  than  iqiproxl- 
mately  one  part  in  10''. 


Item 

DeserlpKon 

Fee 

»1.701a 

Messureinent  of  frequency  sta- 

blllty  of  signal  sources,  up  to  SO 

kHs  (kc/i) . 

C) 

*Feos.  The  fees  to  be  chaizsd  far  these  calibration 
Mr\'ir<'s  performed  by  the  National  Bureau  of  Standards 
St  its  liouldei  Laboratories.  Boulder,  Colo.,  are  not  fixed 
St  this  time.  Charges  will  be  made  far  aiAual  coats  in- 
currril.  Upon  request,  estimates  will  be  furnished  lor 
iprclUc  tasks  which  sboold  provide  a  dose  approxlmatioa 
ol  actual  cost. 

High-Frbquenct  Region 
§201.800  CcncraL 

(a)(1)  In  the  high-frequency  region 
of  approximately  30  kHz  (kc/s)  to  1000 
MHz  (Mc/s)  and  higher,  the  Electronic 
Calibration  Center,  Boulder  Labora¬ 
tories,  is  equipped  to  calibrate  standards 
of  voltage,  power,  immittance,  attenu¬ 
ation,  and  field  strength.  The^  stand¬ 
ards  are  limited  at  present  to  those  de¬ 
signed  for  cw  measiu'ements  and  having 
coaxial  terminals  (usually  type  N  con¬ 
nectors).  No  general  provldons  l^ve 
yet  been  made  for  standards  with  bal¬ 
anced  transmission-line  terminals. 

(2)  Stable  rf  power  sources  and  de¬ 
tectors  are  required  to  perform  such 
niea.surements.  This  is  accomplished  by 
(Jse  of  crystal-controlled  rf  power  sources 
No.  98— Pt.  n - 2 


and  receivers.  Rf  power  sources  have 
power  stabilization  circuits  that  provide 
a  power  output  constant  to  within  0.1 
percent  or  better  over  periods  of  one  hour 
or  more.  Special  low-noise,  crystal-con¬ 
trolled  receivers  meet  the  exacting  re¬ 
quirements  to  monitor  or  detect  these 
signals.  In  using  standards  at  high  fre¬ 
quencies  it  is  often  desirable,  and  even 
necessary,  to  duplicate  these  conditions. 

(3)  Calibration  services  for  high-fre¬ 
quency  standards  with  coaxial  connec¬ 
tors  are  performed  at  the  fixed  fre¬ 
quencies  of  30,  100,  and  300  kHz  (kc/s) , 
and  1,  3,  10,  30,  100,  300,  and  1000  MHz 
(Mc/s).  Calibrations  are  available  at 
other  frequencies  for  some  standards,  as 
wen  as  continuous  frequency  coverage 
up  to  12  GHz  (Qc/s)  for  certc^  calibra¬ 
tions.  but  usuaUy  with  less  accuracy. 

(4)  Connectors  limit  the  accuracy  of 
measurements  in  the  high-frequency 
region  to  some  extent.  To  avoid  insta¬ 
bility  from  this  cause,  precision  connec¬ 
tors  should  be  used  on  interlaboratory 
standards.  In  the  case  of  Type  N  con¬ 
nectors,  certain  mechanical  dimensions 
should  fall  within  tolerances  specified  by 
the  Armed  Services  Electro-Standards 
Agency  (ASESA)  in  Procurement  Speci¬ 
fication  MlLr-C-71.  If  dimensions  fall 
outside  the  specified  tolerances,  there  is 
a  possibility  of  damaging  the  mating 
connectors  on  interlaboratory  standards 
and  NBS  working  standards.  CMtical 
dimensions  of  Type  N  connectors  are 
indicated  on  a  drawing  that  may  be  ob¬ 
tained  from  the  Electronic  Calibration 
Center,  National  Bureau  of  Standards, 
Boulder,  Colo.,  80301. 

(b)  Fees:  The  fees  to  be  charged  for 
the  following  calibration  services  per¬ 
formed  by  the  National  Bureau  of  Stand¬ 
ards  at  its  Boulder  Laboratories,  Boulder, 
Colo.,  are  not  fixed  at  this  time.  Charges 
will  be  made  for  actual  costs  incurred. 
Upon  request,  estimates  will  be  furnished 
for  specific  tasks  which  should  provide  a 
close  aiH>roximati(m  of  actual  cost. 

§  201.810  Rf,  rf-dc  voltmeters,  and 
thermal  converters  in  the  frequency 
range  of  30  kHz  (kc/s)  to  1000  MHa 
(Mc/s) ;  from  0.2  V  to  300  V. 

Ordinarily  instruments  equally  suit¬ 
able  for  use  on  d-c  and  rf  will  be  cali¬ 
brated  only  for  rf-dc  difference  by  the 
procedure  of  item  201.810a,  since  periodic 
calibrations  can  be  made  by  the  user  on 
reversed  direct  current.  Such  reversed 
d-c  calibrations  will  be  made  at  the  Bu¬ 
reau  only  under  unusual  circumstances 
and  by  advance  arrangement.  Instru¬ 
ments  for  use  only  on  rf  will  be  given  rf 
calibrations  by  the  procedures  of  items 
201.810  a,  b.  Instruments  which  reqx>nd 
to  average  or  peak  values  or  which  are 
not  in  ASA  acciuacy  class  percrat  or 
better  are  not  usually  accepted  for  cali¬ 
bration  below  30  MHz  (Mc/s) . 


Item 

Description 

Fee 

201.810a 

Determination  of  voltage  at  SO, 

100,  SOO  kHi  (ko/s),  1,  S,  10,  SO, 
and  100  MUs  (Mc/s)  inan  0.2  to 

soov _ 

C) 

201.810b 

Dstermlnatlaa  of  voltage  at  300, 

400,  800,  700,  and  1000  MHs 

n 

SOlJlOs 

Special  calibrstions  not  covered 

C) 

*S«e  1 201.8(»(b).  Fees. 


§  201.811  Rf  micropotentiometers,  volt¬ 
meters,  and  si^ial  sources  in  the 
frequency  range  from  30  kHz  (kc/s) 

.  to  1000  MHz  (Mc/s),  from  1  /tV  to 
0.1  volt. 

,  The  Bureau  normally  accepts  for  cali¬ 
bration  only  high-quality  instruments 
suitable  for  use  as  interlaboratory  stand¬ 
ards.  These  Instruments  should  have  a 
stability  of  1  percent  or  better  and 
an  accuracy  of  3  percent  or  better. 
Rf  voltmeters  will  be  calibrated  by  the 
procedures  of  items  201.811  a,  b.  The 
Bureau  usuaUy  accepts  only  signal 
sources  (signal  generators)  high  enough 
in  quality  to  be  considered  as  interlabo¬ 
ratory  standards.  If  these  instruments 
are  equally  suitable  for  use  on  d-c  and 
rf.  they  will  be  calibrated  for  rf-dc  dif¬ 
ference  by  the  procedures  of  items  201.811 
a,  b.  Signal  sources  suitable  for  use  only 
on  rf  will  be  calibrated  by  the  procedure 
of  item  201.811a. 


Item 

Description 

Fee 

201.811a 

Determination  of  voltage  for 
micropotenttometers,  volt¬ 
meters,  and  signal  sources  from 
80  kHs  (kcfe)  to  900  MHs  (M^ 
a),  from  1  mV  to  0.1  V. . 

3  3  3 

201.811b 

201.811s 

De'termlnatian  of  voltage  for  volt¬ 
meters  from  900  to  1000  MHs 

(McM),  from  100  ,tV  to  0.1  V. _ 

Special  cwbratlons  not  covered 

*See  {201SOO(b).  Fees. 


§  201.820  Rf  calorimeters,  30  kHz 
(kc/s)  to  500  MHz  (Mc/s). 

(a)  For  maximum  calibration  accu¬ 
racy,  interlaboratory  rf  calorimeters 
should  repeat  readings  to  one  percent  or 
better  with  a  constant  power  input. 

(b)  At  present  only  rf  calorimeters 
utilizing  Type  N  connectors  for  rf  power 
input  can  be  calibrated.  Refer  to  S  201.- 
800  for  special  requirements  for  Type  N 
connectors  used  on  Interlaboratory 
standards. 


Item 

Description 

Fes 

201.820a 

Calibration  of  rf  calorimeter  at 

one  frequency  at  100  and  SOO 
kHs  (kc/s);  1, 3, 10,  and  80 

MHs  (Mc/s);  and  at  one  power 

n 

201X20b 

Calibration  of  rf  calorimeter  at 

one  frequen<7  at  lOOL  200, 300, 

400,  and  SOO  MHs  (Mc/s);  at  one 

power  level  from  0.001  to  100  W.. 

(•) 

301.820O 

Each  additional  power  level  at 

the  same  frequency  .. 

(*) 

201X20S 

Special  calibrations  not  covered 

Dy  the  above  schedule _ _ 

C) 

*See  1 2(H.800(b).  Fees. 


§  201.821  Ciontinuous  wave  low-level, 
power  measurement  of  coaxial  bo¬ 
lometer  units  and  bolometer-coupler 
units. 

(a)  A  bolometer  unit  includes  both  the 
bolometer  element  or  elements  and  the 
bolometer  mount  in  which  they  are  sup¬ 
ported. 

(b)  Power  measurements  are  made  on 
barretter-type  bolometer  units  having 
nominal  resistance  of  50, 100,  or  200  ohms 
at  a  bias  current  between  3.5  and  10  mA; 
and  on  thermistor-type  bolometer  units 
having  a  nominal  resistance  of  50.  100, 
or  200  ohms  at  a  bias  current  between  5 
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and  15  mA.  Bolometer  units  *  should  be 
of  the  fixed  timed  or  untuned  broadband 
type  and  must  have  suitable*  male  or 
female  Type  N  connectors. 

(c)  Power  measurements  are  made  on 
bolometer  imits  at  cw  power  levels  of  1, 
and  10  mW  only. 

(d)  Power  measurements  are  made  on 
bolometer-coupler  combinations  having 
coupling  ratios  from  3  to  30  dB.  A 
bolometer  unit  of  the  fixed  tuned  or  un¬ 
tuned  broadband  type  should  be  p>er- 
manently  attached  to  the  side  arm  of  the 
directional  coupler.  The  directional 
coupler  should  have  good  design  features, 
with  a  directivity  of  30  dB  or  greater,  and 
a  VSWR  no  greater  than  1.10  for  the  in¬ 
put  and  output  p>orts  of  the  main  arm  of 
the  coupler. 

(e)  Effective  eflBciency  for  bolometer 
units  is  defined  as  the  ratio  of  the  sub¬ 
stituted  d-c  power  in  the  bolometer  unit 
to  the  microwave  power  dissipated  within 
the  bolometer  unit.* 

(f)  Calibration  factor  for  bolometer 
units  is  defined  as  the  ratio  of  the  sub¬ 
stituted  d-c  power  in  the  bolometer  unit 
to  the  rf  power  incident  upon  the  bolcxn- 
eter  unit.* 

(g)  Calibration  factor  for  bolometer- 
coupler  units  is  defined  as  the  ratio  of 
the  substituted  d-c  power  in  the  bolom¬ 
eter  unit  on  the  side  arm  of  the  direc¬ 
tional  coupler  to  the  rf  power  incident 
upon  a  nonreflecting  load  attached  to  the 
output  port  of  the  main  arm.* 

(h)  For  temperature-compensated 
bolometer  units,  the  d-c  cable  may  be 
sent  with  the  unit  for  maximum  accuracy 
of  calibration. 


Item 

Descriptfoo 

Fee 

201S21S 

Measurement  of  oalibration  foctor 
of  a  coaxial  bolometer  unit  at 
one  bequeney  at  100  MHz  (Me/ 

8)  or  1  QHz  (Oc/8);  and  at  one 

power  level,  1  or  10  mW _ 

(•) 

201.821b 

! 

MkisuEement  of  calibration  factor 
of  a  coiuial  bolometer-cooplcr 
unit  at  one  frequency  at  30, 100, 
200,  300,  400.  500  MHz  (Mc/s),  or 

1  GHz  (Oe/s);  and  at  one  power 

level _ 

(•) 

201.821c 

Each  additional  power  level  at  the 

(*) 

201.821Z 

Special  calibrations  not  covered 

by  the  above  schedule . . 

(•) 

*See  1 201.800(b).  Fees. 

§  201.830  Immittance,  30  kHz  (kr/s) 
to  4  GHz  (Gc/s). 

(a)  Maximum  accuracy  can  be 
achieved  only  in  the  case  of  instruments 
and  components  equipped  with  connect¬ 
ors  having  a  plane  of  reference  directly 
compatible  with  the  Bureau  system  with 
no  necessity  for  special  adapters.  In  ^e 
interest  of  preserving  higher  calibration 
accuracies,  coaxial  connectors  should  be 
utilized  on  standard  instruments  and 
components  wherever  possible.  Calibra¬ 
tions  are  not  performed  on  capacitors 


*  Bolometer  \mlt  is  here  defined  to  Include 
the  bolometer  element  and  the  bolcnneter 
moimt. 

*  See  i  201.800. 

*  Desch,  R.  F.,  and  R.  E.  Larson,  Bolometric 
Microwave  Power  Calibration  Techniques  at 
NBS,  IEEE  Trans-I&M,  IM-12,  No.  1, 29  (June 
1963). 


With  unshielded  terminals,  e.g.  binding 
posts  £md  banana  plug  connectors. 

(b)  Power  applied  to  any  it^  imder 
test  will  normally  not  exceed  1 W.  Where 
caution  in  this  respect  is  necessary  it 
should  be  clearly  stated  in  the  calibration 
request.  All  calibrations  described  in 
this  section  are  performed  under  ambient 
conditions  of  approximately  23”  C.  and 
40  percent  relative  humidity. 


Fee 


(•) 

(•) 


I”) 

(•) 


(•) 

(•) 

(•) 

(•) 


(•) 

(•) 

(•) 

o 


(•) 

o 
(•) 

*See  i201.800(b).  Fees. 


Description 


201.830a-l 


201.830a-2 

201.830b-l 


201.830b-2 

201.830C-1 


201S30C-2 

201.830d-l 


201.830d-2 

201.830e-l 


201.830e-2 

201.830f-l 


201.830Z 

201.831a-l 


201.831b-2 


Two-terminal  impedance  meas¬ 
urement  at  one  point  in  the  fre¬ 
quency  range  30  to  400  kilt 
(kc/s),  0  to  10,000  ohms  reslst- 
anee,  and  0  to  1100  induct¬ 
ance . 

Each  additional  point  within  the 

limits  in  item  201.830a-l . 

Two-terminal  impedance  meas¬ 
urement  at  one  point  in  the  fre¬ 
quency  range  30  kilt  (kc/s)  to  1 
MHt  (Mc/s),  0  to  1000  ohnu 
resistance,  and  0  to  110  fiH  in¬ 
ductance  . 

Each  additional  point  within  the 

limits  in  item  201.830b-l . 

Two-terminal  admittance  meas¬ 
urement  at  one  point  in  the  fre¬ 
quency  range  30  kilt  (kc/s)  to 
1  Milt  (Mc/s),  0  to  1100  i^o 
eondoct^ce,  and  0  to  1100  pF 

eapadtanoe.. . 

Each  additional  point  within  the 

limits  in  item  201.8ine-l . . 

Two-terminal  admittanee  meas¬ 
urement  at  one  point  in  the  fre¬ 
quency  range  S  to  2S0  MHt 
^cis),  0  to  60  iimho  eondoet- 
anee,  and  0  to  60  pF  eapadtanee. 
Each  additional  point  within  the 

limiu  in  item  201.830d-l . . 

Two-terminal  impedance  meas¬ 
urement  of  coaxial  eomponents 
at  frequencies  from  60  MHt 
(Mc/^  to  4  QHt  (Oc/k),  within 
the  range  0.5  to  6(no  ohms  for 
manitude  and  0  to  00*  for  phase 

angle . 

Each  additional  point  within  the 

limits  in  item  201.830e-l . . 

Q-Standard  calibration  in  the  fre¬ 
quency  range  60  kHt  (kc/s)  to 
46  MHt  (Mc/l),0to  lOOOtor 
effective  Q,  and  30  to  480  pF  for 
effective  resonating  capwdtanoe. 
Special  two-terminal  immittance 
calibrations  not  covered  by  the 

above  schedule . . 

Three-terminal  eapadtanee  cali¬ 
bration  at  100  kilt  (kc/s),  4S6 
kilt  (kcM, or  1  MHt  (Mc/s) 
for  the  following  fixed  nomliial 
values:  10-«,  lO-i,  10*,  10»,  10», 

and  10*  pF,  ^  fluency . 

Three-terminal  eapadtanee  cali¬ 
bration  at  466  kilt  (kc/s)  at  one 
point  in  the  range  0.001  to  100 

pF . 

Each  additional  point  within  the 
llmlU  in  item  201X31b-l . 


it  must  be  supplied  with  the  attenuator 
and  the  cfHnbination  will  be  calibrated 
as  one  unit.  Attenuators  having  a 
VSWR  of  1.30  or  greater  at  either  port 
are  not  acceptable. 

(b)  Maximum  power  to  any  attenu¬ 
ator  will  not  exceed  20  mW  unless  prior 
arrangements  for  higher  power  levels 
have  been  made. 


Item 

Description 

Fee 

301.840a-l 

Measurement  of  insertion  loss  of 
fixed  attenuator  at  one  of  the  fol¬ 
lowing  frequencies:  1,  10,  80,  60, 
100,  and  300  MHz  (Mc/s). 

Range:  0  to  100  dB . . 

(•) 

201.840a-2 

Each  additional  attenuator  at  the 
same  frequency  and  over  the 

same  range  as  Item  201.840a-l _ 

(•) 

201.840b-l 

Measuremeht  of  insertion  loss  of 
fixed  attenuator  at  any  fre¬ 
quency  between  200  MHz  (Mc/s) 
and  12  GHz  (Gc/s).  Range:  0 

toOOdB . 

(•) 

201.840b-2 

Each  addiUonal  attenuator  at  the 
same  frequency  and  over  the 

same  range  as  item  201.840b-l... 
Special  calibrations  not  covered 

(•) 

201.840Z 

by  the  above  schedule . 

(•) 

*Sm  I  201X00(b).  Fees. 


§  201.841  Dissipative  variable  coaxial 
attenuators. 

(a)  niese  attenuators  are  calibrated 
in  accordance  with  it^  201.840  except 
that  the  zero  or  other  specified  setting  is 
used  as  the  reference.  Because  attenua¬ 
tion  difference  only  is  measured,  both 
ports  may  have  the  same  connector. 

(b)  Variable  attenuators  must  have 
a  repeatability  of  setting  better  than  0.1 
dB;  incremental  attenuators  must  have 
a  repeatability  of  0.01  dB  or  better. 


Item 

Deaeriptkm 

Fee 

201.841a-l 

Measurement  of  one  increment  on 

dissipative  variable  attenuator 
or  at  one  of  the  following  fre- 

quencies:  1, 10, 30, 60, 100,  and 
300  MHz  (Mc/i).  Range  0  to 

100  dB . 

(•) 

201.841a-2 

Eaeh  additional  increment  at  the 

same  frequenev  and  over  the 
same  range  as  item  201.841a-l... 

O 

201S41b-l 

Measurement  of  one  Increment 

on  a  dissipative  variable  atten¬ 
uator  at  any  frequency  between 
200  MHz  (Mc^)  and  12  GHz 

(•) 

201.841b-2 

Each  additional  Increment  at  the 
same  frequency  and  over  the 
same  ranM  as  item  201.841b-l... 
Special  calibrations  not  covered 

(•) 

201.841Z 

(•) 

§  201.840  Dissipative  fixed  coaxial  at¬ 
tenuators. 

(a)  Dissipative  fixed  coaxial  attenua¬ 
tors  are  normally  calibrated  in  a  system 
having  a  ‘characteristic  impedance  of 
50-fJ0  ohms.  Since  the  accuracy  of  the 
calibration  is  degraded  by  any  deviation 
or  uncertainty  in  this  characteristic  im¬ 
pedance,  the  types  of  ttllowable  connec¬ 
tors  are  llmlt^.  PrecMon  connectors 
having  a  known  plane  of  reference  or  the 
Type  N  meeting  Procuranent  Specifica¬ 
tion  MIL-C-71  are  required.  (See 
S  201.800.)  All  measurements  are  made 
by  the  substitution  method  which  re¬ 
quires  that  the  connectors  used  be  asex¬ 
ual  or  the  attenuator  have  a  male  con¬ 
nector  at  one  port  and  a  female  con¬ 
nector  at  the  other  port.  If  an  adapter 
is  required  to  c(»nply  with  the  foregoing. 


*8ee  1301.800(b).  Fees. 

§  201.842  Waveguide  below-cutoff 
(piston)  attenuators. 

(a)  Waveguide  below-cutoff  attenua¬ 
tors  are  normally  calibrated  in  a  system 
having  a  characteristic  impedance  of 
50-f-JO  ohms.  As  only  attenuatton  dif¬ 
ference  measurements  are  made  on  this 
type  of  attenuator,  T^pe  BNC,  C,  TNC, 
etc.,  connectors  are  acceptable  but  pre¬ 
cision  type  connectors  are  preferred. 

(b)  An  insertion  loss  measurement  at 
the  attenuator  zero  setting  can  be  made. 
Maximum  power  to  any  attenuator  will 
not  exceed  20  mW  unless  prior  arrange¬ 
ments  for  higher  power  levels  have  been 
made. 

(c)  Calibrations  are  performed  at  the 
following  frequencies:  1,  10,  30,  60,  100, 
and  300  MHz  (Mc/s). 
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201.842a-l 


201  S42a-2 


201  M2* 


Description 


One  increment  on  a  waveguide 
below-cutoff  attenuator  at  one 
of  the  following  frequencleB;  1, 

10, 30,  60, 100,  and  300  MH* 
(Mc/s).  Range  (Including  ini¬ 
tial  Insertion  loss):  up  to  110 

dB . 

Each  additional  Increment  at  the 
same  frequency  and  over  the 

same  ranm  as  Item  201.042a-l _ 

Special  calibrations  not  covered 
by  the  above  schedule . 


Fee 


(•) 

(•) 

(•) 


•See  f  201.800(b).  Fees. 

§201.843  Coaxial  fixed  directional 
couplers. 

Fixed  directional  couplers  are  cali¬ 
brated  in  accordance  with  item  201.840. 
Terminations  must  be  supplied  for  any 
arm  not  used  during  a  measurement. 


Description 


Fee 


201.H43a-l  I  Single  insertion  loss  measurement 
between  any  two  arms  of  a 
coaxial  fixed  directional  coupler 
at  one  of  the  following  fre¬ 
quencies:  1. 10, 30, 60, 100,  and 
800  MH*  (Mc/s).  Range:  0  to 

100  dB . 

20I.8t3a-2  |  Each  additional  Insertion  loss 

measurement  between  any  two 
arms  at  the  same  frequency  and 
over  the  same  range  as  item 

201.843S-1 . 

201.M3b-l  I  Single  insertion  loss  measurement 
between  any  two  anns  at  any 
frequency  between  200  Mils 
(Mc/s)  and  12  Ullt  (Uc/s). 

Range:  OtoOOdB . 

201.M3l>-2  I  Each  additl(xial  insertion  loss 

measurement  between  any  two 
arms  at  the  same  frequency  and 
over  the  same  range  as  item 

301.S43b-l . 

Special  calibrations  not  covered 
by  the  above  schedule. 


•Sec  i  201.800(b).  Fees. 

§201.844  Coaxial  variable  directional 
couplers. 

(a)  Coaxial  variable  directional  cou¬ 
plers  are  calibrated  in  accordance  with 
item  201.841.  Terminations  must  be 
supplied  for  any  arm  not  used  during  a 
measurement. 

(b)  The  change  in  coupling  to  the 
side  arm  relative  to  the  minimum  setting 
on  the  device  is  normally  measured. 


cw  signals  in  the  frequency  range  from 
30  Hz  (c/8)  to  1000  MHz  (Mc/s) .  Lo(V 
antennas  are  calibrated  in  the  frequency 
range  from  30  Hz  (c/s)  to  30  MHz 
(Mc/s) ,  and  horizontally  polarized  dipole 
antennas  are  calibrated  from  30  to  1000 
MHz  (Mc/s).  The  magnitude  of  the 
calibrating  fields  varies  from  approxi¬ 
mately  25  to  200  mV/m  for  loop  anten¬ 
nas,  and  approximately  50  mV/m  for 
dipole  antennas. 

(b)  The  internal  characteristics  of 
field  strength  meters,  such  as  the  overall 
linearity  of  the  receiver,  accuracy  of  the 
signal  input  attenuators,  and  the  ac¬ 
curacy  of  the  receiver  as  a  two-terminal 
rf  voltmeter  can  be  measured  at  fre¬ 
quencies  from  30  Hz  (c/s)  to  lOOO  MHz 
(Mc/s) . 

Cc)  When  field  strength  standards  or 
meters  are  sulxnitted  for  calibration  an 
instruction  manual  and  all  accessories 
should  be  included,  and  the  Instnunent 
should  be  in  excellent  operating  condi¬ 
tion. 


Item 


DMcrlption 


Fee 


(•) 

Item 

201.860*-! 

(*) 

201.8ma-2 

(•) 

210.860* 

210.851*-! 

(•) 

201.861a-2 

(•) 

201.86U-3 

Deacription 


201.8S2a-l 


201.862b-l 


201.862b-2 


201.862C-1 


301.844:t-l  I  Single  coupling  increment  be¬ 
tween  input  and  variable  arm 
of  coaxial  variable  directional 
coupler  at  one  of  the  following 
frequenclee;  1,  10,  30,  60,  100, 
and  300  MH*  (Mi^).  Range 
(Including  Initial  coupling 

kxM):  upto  llOdB . 

201.841.1  2  I  Each  additional  Increment  at  the 
same  frequency,  and  over  the 
same  range  as  Item  201.844a-l.... 

301.844I>-1  I  Same  measurement  as  in  item 

201.844S-1  at  any  frequency  be¬ 
tween  200  MU*  (Mc/s)  ana  12 
OH*  (Uc/s).  Range  (Including 
Initial  coupling  loes);  up  to  60 

dB . 1  (•) 

201.8441  >-2  I  Same  measurement  as  In  item 

201.844a-2  at  the  same  frequency 
and  over  the  same  range  as  Item 

201.8441>-1 .  (•) 

201.8447.  I  Special  callbraUons  not  covered 

I  by  the  above  schedule .  (•) 

•See  5  201.800(b).  Fees. 

§201.850  Field  strength  meters,  30  Hz 
(c/s)  to  1000  MHz  (Mc/s). 

(a)  Field  strength  standards  and  field 
strength  meters  are  calibrated  in  terms  of 


201.8A2C-2 


201.852C-3 


Calibration  of  loop  antenna  at  (me 
frequency,  30  Us  (c/s)  to  80 

MH*  (Mc/s) . . . 

Calibration  of  loop  antenna  at 
frequencies  additionai  to  item 
201.8Ma-l,  30  H*  (c/k)  to  30 

MH*  (Mc/s) . . 

Special  (ialibratlons  not  covered 

by  the  above  schedule . . 

Calibration  of  dipole  antenna  at 
one  frequency,  30  to  1000  MH* 

(Mc/s) . . . 

CalibraUon  of  dipole  onteima  at 
frequencies  additional  to  item 
301.861a-l,  30  to  400  MH* 

(Mc^) . 

C^bratlon  of  dipole  antenna  at 
frequencies  additional  to  item 
301.8fila-l,  400  to  1000  MU* 

(Mc/s) . 

Special  calibrations  not  covered 

by  the  above  schedule . 

Calibration  of  input  attenuators 

at  one  frequency,  initial  step _ 

Calibration  of  additional  steps  of 
Input  attenuator  in  additfon  to 

item  201.882a-l . 

Calibration  of  the  overall  linearity 
of  receiver  and  output  circuit  at 
one  frequency  and  cme  attenu¬ 
ator  setting,  initial  point . . 

Calibration  of  overall  linearity  of 
receiver  at  other  points  in  addi¬ 
tion  to  item  201S62b-l . . 

Calibration  of  the  receiver  as  a 
two-terminal  rf  voltmeter,  1  to 
10,000 mV,  0  to  400  MH*  (Mc/s), 

at  one  frequency . . . . 

Calibratkm  of  the  receiver  as  a 
two-terminal  rf  voltmeter  at 
other  frequencies  addititmal  to 
item  201S62C-1, 0  to  400  MBs 

(Mc/s) . 

Calibration  of  receiver  as  a  two- 
terminal  rf  voltmeter  at  other 
frequencies  additional  to  Item 
201.862C-1,  400  to  1000  MU* 

(Mc/ii) . 

Special  calibrations  not  covered 
by  the  above  schedule . 


Fee 


(•) 

(•) 

(•) 

(•) 

(•) 


(•) 

(•) 

(•) 

(•) 


(*) 


(c)  Frequency  stability  of  the  signal 
source  should  be  better  than  approxi¬ 
mately  one  part  in  10\ 


Item 

Description 

Fee 

201.860* 

Measorement  of  frequency  sta¬ 
bility  of  signal  sources,  from  30 
kH*  (kc/s)  to  500  MH*  (Mc/s).. 

(•) 

*See  I  201.800(b).  Fees. 

Microwave  Region 
§  201.900  Clenenil. 

(a)(1)  Microwave  calibration  services 
presently  available  include  measurements 
in  power,  impedance,  frequency,  attenu¬ 
ation,  and  noise.  The  frequency  range 
covert  for  each  of  the  measurements 
is  given  below. 

(2)  In  performing  microwave  calibra¬ 
tions,  a  considerable  amount  of  time  is 
needed  to  prepare  the  system  for  meas¬ 
urement  operation.  Much  of  this  prep- 
aratiem  is  related  to  the  adjustment  of 
the  system  to  the  frequency  of  operation 
selected  for  the  calibration.  Time  and 
cost  often  can  be  reduced  by  minimizing 
the  number  of  times  the  operating  fre¬ 
quency  of  the  calibration  system  must  be 
readjusted.  To  help  in  achieving  this 
reduction  in  costs,  a  list  of  suggested 
calibration  freqi/encies  is  presented  in 
the  following  table.  These  frequencies 
are  suggested  for  use  in  connection  with 
this  schedule  and  for  Interlaboratory 
standards  utilizing  terminations  consist¬ 
ing  of  the  standard  waveguide  sizes  given 
below  in  the  table  of  suggested  calibra¬ 
tion  frequencies.  It  should  be  mpha- 
sized  that  the  suggested  frequencies  are 
primarily  for  economy  and  for  conveni¬ 
ence  to  those  requesting  calibrations.  In 
general  the  calibration  Instrumentation 
for  the  microwave  region  is  Intended  to 
provide  complete  and  continuous  fre¬ 
quency  coverage  as  appropriate  for  the 
various  waveguide  si^.  Those  having 
need  for  calibrations  at  other  than  sug¬ 
gested  frequencies  can  be  accommodated. 


(•) 

EIA 

waveguide 

design*- 

Frequency 
range  OH* 

Suggested  calibration  frequen¬ 
cies  OH*  (Oc^) 

O 

tlon 

(Oc/s) 

No.  1 

No.  2 

No.  3 

WB284.... 

2.60-  3.06 

Z86 

3.25 

3.55 

WR187.... 

3.06-  6.85 

4.36 

4.00 

6.25 

(•) 

WR137.... 

5.85-  8.20 

6.45 

7.00 

7.40 

WRIK.... 

7. 06-10  0 

7.76 

8.60 

0.00 

WR90 . 

8.20-12.4 

0.00 

0.80 

11.2 

WR62 . 

12.4  -18.0 

13.5 

16.0 

17.0 

WR42 . 

18.0  -26.6 

10.8 

22.0 

23.8 

(•) 

WR28 . 

26.5  -40.0 

20.0 

33.0 

37.0 

•See  I  301.80(Kb).  Fees. 

§  201.860  Frequency  stability  calibra¬ 
tion  of  signal  sources. 

(Service  available  only  at  the  Boulder  Labora¬ 
tories.) 

(a)  Frequency  stability  calibrations 
are  made  on  signal  sources  in  the  fre¬ 
quency  range  from  30  kHz  (kc/s)  to  500 
MHz  (Mc/s). 

(b)  The  signal  source  should  have  a 
power  output  of  at  least  10  milliwatts  (in¬ 
to  a  matched  load) . 


(b)  Pees:  The  fees  to  be  charged  for 
the  following  calibration  services  per¬ 
formed  by  the  National  Bureau  of  Stand¬ 
ards  at  its  Boulder  Laboratories,  Boulder, 
Colo,  are  not  fixed  at  this  time.  Charges 
will  be  made  for  actual  costs  incurred. 
Upon  request,  estimates  will  be  furnished 
for  specific  tasks  which  should  provide 
a  close  approximation  of  actual  costs. 

§  201.910  Continuous  low-levd,  power 
measurement  of  waveguide  bolom¬ 
eter  units  and  bolometer-coupler 
units. 

(a)  Power  measurements  are  made  on 
barretter-type  bolometer  units  having 
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nominal  resistance  of  either  100  or  200 
ohms  at  a  bias  current  between  3.5  and 
10  mA,  and  on  thermistor-type  bolom¬ 
eter  units  having  a  nominal  resistance  of 
either  100  or  200  ohms  at  a  bias  current 
between  5  and  IS  mA.  Bolometer  units 
should  be  of  the  fixed  tuned  or  imtuned 
broadband  type. 

(b)  Power  measurements  are  made  on 
bolometer  units  at  power  values  from  0.1 
to  10  mV. 

(c)  Power  measurements  are  made  on 
bolometer-coupler  combinations  having 
coupling  ratios  from  3  to  20  dB.  A 
bolometer  unit  of  the  fixed  timed  or 
untuned  broadband  type  should  be  per¬ 
manently  attached  to  the  side  arm  of 
the  coupler.  The  three-port  directional 
coupler  should  have  good  design  features 
with  a  directivity  of  40  dB  or  greater  and 
a  VSWR  no  greater  than  1.05  for  the 
input  and  output  ports  of  the  main  arm 
of  the  coupler. 

(d)  Effective 'efllciency  for  bolometer 
units  is  defined  as  the  ratio  of  the  sub¬ 
stituted  d-c  power  hi  the  bolometer  unit 
to  the  microwave  power  dissipated  within 
the  bolometer  unit. 

(e)  Calibration  factor  for  bolometer 
units  is  defined  as  the  ratio  of  the  sub¬ 
stituted  d-c  power  in  the  bolometer  unit 
to  the  microwave  power  incident  upon 
the  bolometer  unit. 

(f)  Calibration  factor  for  bolometer- 
coupler  units  is  defined  as  the  ratio  of 
the  substituted  d-c  power  In  the  bolom¬ 
eter  unit  on  the  side  arm  of  the  direc¬ 
tional  coupler  to  the  microwave  power 
incident  upon  a  nonreflecting  load  at¬ 
tached  to  the  output  port  of  the  main 
arm. 

(g)  Efficiency  for  bolometer  units  is 
defined  as  the  ratio  of  the  microwave 
power  absorbed  by  the  barretter  eluent 
to  the  microwave  power  dissipated  with¬ 
in  the  bolometer  unit. 


Item 

Description 

Fee 

201.010a-l 

Measurement  of  effective  efficiency 
of  bolometer  unit  at  a  single 
frequency  of  tbe  following  wave¬ 
guide  sizes  terminated  with 
standard  waveguide  connectors: 

WR90  (8.2-12.4  GHz)  (Gc/s) . 

C) 

201.010a-2 

WR62  (12.4-18.0  GHz)  (Qcis) . 

(•) 

201.910a-3 

WR137  (6.85-8.20  GHz)  (Gc/s) _ 

(•) 

201.010b-l 

Measurement  of  calibration  factor 
of  bolometer  unit  at  a  single 
frequency  of  tbe  following  wave¬ 
guide  sizes  terminated  with 
standard  waveguide  connectors; 

WR90  (8.2-12.4  GHz)  (Oc/s) . 

(•) 

201.010b-2 

WR62  (12.4-18.0  GHz)  (Gc/s) . 

(•) 

201.910b-3 

WR  137(5.86-8.20  GHz)(Gc^) _ 

(•) 

201.0100-1 

Measurement  of  calibration  factor 
of  bolometer  coupler  unit  at  a 
single  frequency  of  the  following 
waveguide  sizes  terminated 
with  standard  waveguide  oon- 
uectMs: 

WR90  (8X-12.4  GHz)  (Gc/s)...... 

(•) 

201.010C-2 

WR62  (12.4-18.0  GHz)  (Ge/s) . 

201.010C-3 

WR137  (6X5-8.20  GHz)  (Gc/s) _ 

(•) 

201.910d-3 

Measurement  of  efficiency  of  bo-  i 
lometer  unit  at  a  single  frequency 
of  tbe  following  waveguide  size 
terminated  with  a  standard 
waveguide  connector: 

WR137  (5.85-8.20  GHs)  (Oc/z) _ 

o 

201.010Z 

Special  calibrations  not  covert 
by  tbe  above  scfaedole _ 

(*) 

■8ee|301.900<b).  Fees. 


§  201.911  Continuous  low-lerel  power 
measurement  of  waveguide  dry  calo* 
rimeters. 


Item 

Deacriptfon 

Fee 

20L911a-l 

Measurement  of  output  voltage 
versus  inwt  microwave  power 
fsr  dry  eakrimeter  at  a  single 
frequency  of  WROO  waveguide 
(8.2-12.4  GHz  (Gc/h)  termi¬ 
nated  with  a  standard  arave- 

guide  connector,  at  power 
vahies  bum  10  milliwatts  to  1 

watt . . 

n 

201.911»-2 

Each  additional  power  value  at 
the  same  frequency  as  item 

_ _ 

(•) 

201.011Z 

Special  calibrations  not  covered 

Dy  the  above  schedule _ _ 

n 

•See  S  201.900a>).  Fees. 


§  201.920  ,  Reflection  coeflicient  magni¬ 
tude  measurement  on  waveguide  re¬ 
flectors  (mismatches). 

(a)  Reflection  coefficient  measure¬ 
ments  are  made  on  reflectors  producing  a 
reflection  coefficient  magnitude  in  the 
range  0.025  to  1.0. 

(b)  Reflectors  must  be  fitted  with 
standard  types  of  waveguide  flanges. 
The  face  of  these  flanges  should  be  ma¬ 
chined  flat  and  smooth  and  should  not 
contain  protrusions  or  indentations. 
The  connecting  holes  of  the  flange  should 
be  symmetrically  and  accurately  alined 
to  the  rectangular  waveguide  opening. 


Item 

Description 

Fee 

201.020a-l 

MeasuTMnent  of  reflection  coeffi¬ 
cient  magnitude  of  reflector  at  a 
single  frequency  of  tbe  following 
waveguide  sizes  terminated 
adth  standard  aaveguide  con¬ 
nectors; 

WR90  (8.2-12.4  GHz)  (Oc/s) _ 

(•) 

201.920a-2 

WRe2  (12.4-18.0  GHz)  (Oc/s) _ 

(*) 

201.020Z 

S^ial  eaUbrations  not  covered 

Dy  tbe  above  schedule. . . 

O 

•See  t  aOl.WXKb).  Fees. 


§  201.930  Frequency  measurement  on 
cavity  wavemcters. 

(a)  Frequency  measurements  are 
made  on  fixed  or  variable  cavity  wave- 
meters  of  either  the  reaction  (one-port) 
type  or  the  transmission  (two-port)  type. 

(b)  Frequency  measurements  are 
made  on  fixed  or  variable  cavity  wave- 
meters  having  coaxial  terminals  with 
Type  N  connectors  (male  or  female)  in 
the  frequency  range  of  1000  MHz  (Mc/s) 
to  10  GHz  (Gc/s). 

(c)  Frequency  measurements  are 
made  on  fixed  or  variable  cavity  wave- 
meters  having  standard  tsre  waveguide 
terminals  in  the  frequency  range  of  2.6  to 
75  GHz  (Oc/8). 


Item 

Deecription 

Fee 

201.030a 

Measurement  of  resonance  lire- 

quency  of  fixed  cavity 

(•) 

201.030b 

Setting  of  adjustable  cavity 
wavemeter  at  prescribed  leso- 

n 

201.9KO-1 

CalibratioD  of  dial  setting  versus 

resonance  frequency  of  variable 

cavity  wavemeter  at  inttlal  pie- 
seribM  frequency _ ....... 

Item 

Description 

Fee 

201.030O-2 

Calibration  of  dial  setting  versus 
retonacce  frequency  of  variable 
cavity  wavemeter  at  each  i»e- 
seribed  freqnency  additional  to 
the  initial  frequency  and  on  the 

same  wavemeter  as  201.930o-l... 

(•) 

201.030Z 

Special  calibrations  not  covered 

by  tbe  above  schedule.  .' _ 

C) 

•S«e  t  201.900(b).  Fees. 

§  201.940  Attenuation  difTerence  meas¬ 
urements  on  variable  attenuators. 


(a)  Attenuation  difference  measure¬ 
ments  are  made  on  step  or  continuously 
variable  attenuators  usually  with  the 
zero  dial  setting  used  as  the  reference 
position. 

(b)  Attenuation  measurements  are 
made  for  attenuation  values  from  0  to 
50  dB.  This  range  of  attenuation  values 
can  be  extended  to  70  dB  in  some  fre¬ 
quency  ranges. 

(c)  Variable  attenuators  should  have 
a  repeatability  of  dial  setting  better  than 
±0.1  dB. 

(d)  Variable  attenuators  should  have 
a  VSWR  less  than  1.1  at  each  waveguide 
port. 


Item 


Description 


201.9400- 1 

201.9400- 2 
201.940a-3 
201.940e-4 
201.940a-S 
201.940a-6 
201.940a-7 
201.940s-« 
201.940a- 

20 


201.040b-l 

20l.040b-2 

20l.940b-3 

201.940b~t 

201.940t>-fi 

201.940b-e 

201.940b-7 

201.940b-8 

201.940b- 

20 


201.940t 


ISeasurement  o(  attenuatioa  dif¬ 
ference  of  dlrect-reodinc  variable 
attenuator  at  an  Initial  pre- 
•eribed  dial  aeUlnc  at  a  ai^le 
frequency  of  tbe  following  wave¬ 
guide  slses  terminated  with 
standard  waveguide  eonneotors; 

WK284  (2.60-3.96  UHs)  (Oe/l) _ 

WR187  (S.«-6.88  OHt)  (UeM) _ 

WR137  (6.86-8.2  Oils)  (OcM) _ 

WR112  (7.05-10.0  OHi)  (Gc^) _ 

WR90  (8.2-12.4  OHs)  (Gc/s) _ 

WR62  (12.4-18.0  GHs)  (Oc/i) _ 

WR42  (18.0-26.6  GHs)  (Go/s)..— 
WR28  (28.8-40.0  GHs)  (OcW.™. 
Measurement  of  attenuation  dif¬ 
ference  of  direct-reading  variable 
attenuator  at  each  preaerlbed 
dial  setting  additional  to  tbs 
initial  dial  setting  at  the  same 
frequency  and  on  the  same  at¬ 
tenuator  as  201.940a-l  to 

201.940a-8 . 

Calibration  of  dial  setting  versus 
attenuation  dilTerenoe  fcr  Indi¬ 
rect-reading  variable  attenuator 
at  an  initiu  prescribed  atten¬ 
uation  difference  value  at  a 
single  frequency  of  tbe  follow¬ 
ing  WBvei^de  sizes  terminated 
with  standard  waveguide  con¬ 
nectors: 

WR284  (2.60-3.95  GHz)  (Gc/s) _ 

WR187  (3.95-6X5  GHz)  (Gc/s) _ 

WR187  (8X6-8.2  GHz)  (Gc/s) _ 

WR112  a.05-10.0  GHs)  (Gc/s) . 

WR90  (8.2-12.4  GHz)  (Gc/s) . 

WR62  (12.4-18.0  GHz)  (Gc/s) . 

WR42  (18.0-28.6  GHz)  (Gc/s) . 

WR28  (38.5-40.0  GHz)  (Gc/s) _ 

Calibration  of  dial  setting  versus 
attenuation  difference  far  Indi¬ 
rect-reading  variable  attenuator 
at  each  prescribed  attenuation 
difference  value  additional  to 
tbe  Initial  attenuation  difference 
value  at  tbe  same  frequency 
and  on  the  same  attenuator  as 

301.94Ob-l  to  201.940h-8 . 

Special  calibrations  not  indnded 
in  the  above  schedule . . 


Fee 


(*) 

(•) 

(•) 

(•) 

(•) 

(•) 

(•) 

(•) 


(•) 


(•) 

(•) 

(•) 

(•) 

(•) 

(•) 

<•) 

(•) 


(•) 

(•) 


•See  1201.000(b).  Fees. 

§  201.941  Inaertion  loaa  meaaurentmls 
on  fixed  attenuators. 

(a)  Insertion  loss  measurements  are 
made  on  fixed  two-port  attenuators. 
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(b)  Insertion  loss  measurements  are 
made  for  Insertion  loss  values  from  0  to 
50  dB.  This  range  of  attenuation  values 
can  be  extended  to  70  dB  in  some  fre¬ 
quency  ranges. 

(c)  Fixed  attenuators  should  have  a 
VSWR  less  than  1.1  at  each  waveguide 
port. 


Item 


aoi.o4i»-i 

201.041a-2 

Xl.MU-3 

201.941a-4 

a01.(Mle-5 

a01.»4U-« 

201.g41»-7 

aOI.«4U-8 

aoi.»4ii 


*See  I  aOl.WCHb).  Feea. 

§  201.950  Effective  noise  temperature 
measurement  on  noise  sources. 

(a)  Effective  noise  temperature  meas¬ 
urements  are  made  on  waveguide  noise 
sources  (usually  a  gas-discharge  tube) 


Measurement  of  Insertion  loss  ot 
fixed  attenuator  at  a  single  tn- 
qneney  ot  the  following  wave- 
^de  sixes  terminated  with 
standard  waveguide  connectors: 

WR2M  (2.(»-S.»5  OHx)  (Oc/s)... 

WR187  (3.06-8.86  OHs)  (Qc/s)... 

WR1S7  (8.86-8.2  OHx)  (Oc/s)..  . 

WR112  (7.06-10.0  OHx)  (Ocfy)... 

WR80  (8.2-12.4  OHx)  (Oc/s) . 

WR62  (12.4-18.0  OHx)  (0(Vs)..  . 

WR42  (18.0-26.6  OHx)  (Oc/s)..  . 

WR28  (26.6-4a0OHx)  (O^s)..  . 

Special  calibrations  not  Induded 
in  tbe  above  schedule . . 


(•) 

a 

S:! 

(•) 

o 


under  conditions  of  continuous,  luimodu- 
lated  operation  In  the  range  900  to  300,- 
000”  K.  (excess  noise  ratio  range  3.3  to 
30  dB). 

(b)  The  direct  current  required  for 
normal  operation  of  the  gas-discharge 
tube  should  not  exceed  300  mA  but 
should  be  sufficient  to  prevent  excessive 
plasma  oscillations. 

(c)  The  waveguide  noise  source  must 
have  an  Input  VSWR  no  greater  than  1.2. 

(d)  The  gas-discharge  tube  should  be 
secure  in  the  mount,  and  the  output  port 
of  the  unit  should  be  terminated  with  a 
matched  load. 


Item 

Description 

Fee 

201.»60a-l 

Measurement  of  effective  noise 
temperature  of  noise  source  in 
WROO  waveguide  at  a  single 
frequency  selected  bom  0.0,  OS, 
and  IIS  OHx  (Oc/i) _ _ _ 

(•) 

201.280X 

Special  calibrations  not  coveted 

by  tbe  above  schedule . . 

(•) 

*See  f201.900(b).  Fees. 

A.V.Astin. 

Director. 

[Fit.  Doc.  66-5138;  Filed.  May  17.  1965; 
8:45  a.m.] 
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